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❆❜str❛❝t

❲❡ ✉s❡ ❣❛♠❡ t❤❡♦r② t❡❝❤♥✐q✉❡s t♦ ❛✉t♦♠❛t✐❝❛❧❧② ❝♦♠♣✉t❡ ✐♠♣r♦✈❡❞ ❧♦✇❡r ❜♦✉♥❞s ♦♥ t❤❡ ❝♦♠♣❡t✐t✐✈❡ r❛t✐♦
❢♦r t❤❡ ❜✐♥ str❡t❝❤✐♥❣ ♣r♦❜❧❡♠✳ ❯s✐♥❣ t❤❡s❡ t❡❝❤♥✐q✉❡s✱ ✇❡ r❛✐s❡ t❤❡ ❜❡st ❧♦✇❡r ❜♦✉♥❞ ❢♦r t❤✐s ♣r♦❜❧❡♠ t♦
✶✾✴✶✹✳ ❲❡ ❡①♣❧❛✐♥ t❤❡ t❡❝❤♥✐q✉❡ ❛♥❞ s❤♦✇ t❤❛t ✐t ❝❛♥ ❜❡ ❣❡♥❡r❛❧✐③❡❞ t♦ ❝♦♠♣✉t❡ ❧♦✇❡r ❜♦✉♥❞s ❢♦r ❛♥②
♦♥❧✐♥❡ ♦r s❡♠✐✲♦♥❧✐♥❡ ♣❛❝❦✐♥❣ ♦r s❝❤❡❞✉❧✐♥❣ ♣r♦❜❧❡♠✳ ❲❡ ❛❧s♦ ♣r❡s❡♥t ❛ ✜rst ❧♦✇❡r ❜♦✉♥❞✱ ✇✐t❤ ✈❛❧✉❡ ✼✴✻✱
♦♥ t❤❡ ❡①♣❡❝t❡❞ ❝♦♠♣❡t✐t✐✈❡ r❛t✐♦ ♦❢ r❛♥❞♦♠✐③❡❞ ❛❧❣♦r✐t❤♠s ❢♦r t❤❡ ❜✐♥ str❡t❝❤✐♥❣ ♣r♦❜❧❡♠✳

❑❡②✇♦r❞s✿ ❇✐♥ ❙tr❡t❝❤✐♥❣✱ ❖♥❧✐♥❡ ❆❧❣♦r✐t❤♠s✱ ❈♦♠♣❡t✐t✐✈❡ ❆♥❛❧②s✐s✱ ▲♦✇❡r ❇♦✉♥❞s

✶✳ ■♥tr♦❞✉❝t✐♦♥

■♥ t❤❡ s❡♠✐✲♦♥❧✐♥❡ ❜✐♥ str❡t❝❤✐♥❣ ♣r♦❜❧❡♠✱ ✇❡ ❛r❡ ❣✐✈❡♥ ❛ s❡q✉❡♥❝❡ ♦❢ ✐t❡♠s ❞❡✜♥❡❞ ❜② t❤❡✐r ✇❡✐❣❤ts
wi ∈ [0; 1]✳ ❚❤❡② ❛❧❧ ❤❛✈❡ t♦ ❜❡ ♣❛❝❦❡❞ ✐♥t♦ m ❜✐♥s ✇✐t❤ ✐♥✜♥✐t❡ ❝❛♣❛❝✐t✐❡s✳ ❲❡ ❦♥♦✇ ✐♥ ❛❞✈❛♥❝❡ t❤❛t ❛❧❧
t❤❡ ✐t❡♠s ❝❛♥ ❜❡ ♣❛❝❦❡❞ ✐♥t♦ m ❜✐♥s ✇✐t❤ ✉♥✐t s✐③❡✳ ❚❤❡ ✐t❡♠s ❜❡❝♦♠❡ ❛✈❛✐❧❛❜❧❡ ❛♥❞ ❛r❡ ♣❛❝❦❡❞ ✐♥ t❤❡
♦r❞❡r ♦❢ t❤❡ s❡q✉❡♥❝❡✱ ✇✐t❤♦✉t ❛♥② ❦♥♦✇❧❡❞❣❡ ♦♥ t❤❡ ♥✉♠❜❡r ♦❢ r❡♠❛✐♥✐♥❣ ✐t❡♠s ❛♥❞ t❤❡✐r ♣r♦❝❡ss✐♥❣ t✐♠❡s
❡①❝❡♣t t❤❛t ❛❧❧ ✐t❡♠s ✜t ✐♥t♦ m ❜✐♥s ✇✐t❤ ✉♥✐t s✐③❡✳ ❚❤❡ ✈❛❧✉❡ ♦❢ ❛ s♦❧✉t✐♦♥ ✐s ❡q✉❛❧ t♦ t❤❡ s✐③❡ ♦❢ t❤❡ ♠♦st
str❡t❝❤❡❞ ❜✐♥✱ ✇❤✐❝❤ ✐s t❤❡ ♠❛①✐♠✉♠ ❜❡t✇❡❡♥ ✶ ❛♥❞ t❤❡ s✐③❡ ♦❢ t❤❡ ❧❛r❣❡st ❜✐♥✳ ❆♥ ❛❧❣♦r✐t❤♠ ✇✐t❤ str❡t❝❤✐♥❣

❢❛❝t♦r c ❢♦r t❤❡ s❡♠✐✲♦♥❧✐♥❡ ❜✐♥ str❡t❝❤✐♥❣ ♣r♦❜❧❡♠ ✐s ❛♥ ♦♥❧✐♥❡ ❛❧❣♦r✐t❤♠ ✇❤✐❝❤ s✉❝❝❡ss❢✉❧❧② ♣❛❝❦s ✐♥t♦ m
❜✐♥s ♦❢ s✐③❡ c✱ ❛♥② s❡q✉❡♥❝❡ ♦❢ ✐t❡♠s ✜tt✐♥❣ ✐♥t♦ m ✉♥✐t s✐③❡❞ ❜✐♥s✳ ❚❤❛t ✐s✱ ❢♦r ❛♥② ✐♥st❛♥❝❡ ■✱ t❤❡ ❛❧❣♦r✐t❤♠s
♦✉t♣✉ts ❛ s♦❧✉t✐♦♥ ✇✐t❤ ✈❛❧✉❡ ❛t ♠♦st c✳ ❚❤❡ ❛✐♠ ✐s t♦ ✜♥❞ ❛♥ ❛❧❣♦r✐t❤♠ ❤❛✈✐♥❣ ❛ str❡t❝❤✐♥❣ ❢❛❝t♦r ❛s s♠❛❧❧
❛s ♣♦ss✐❜❧❡✳

❚❤✐s ♣r♦❜❧❡♠ ✐s ❡q✉✐✈❛❧❡♥t t♦ Pm|online − list|Cmax ✇❤❡r❡ ✇❡ ❛❞❞✐t✐♦♥❛❧❧② ❦♥♦✇ t❤❛t t❤❡ ♦♣t✐♠❛❧
♠❛❦❡s♣❛♥ ✐s s♠❛❧❧❡r t❤❛♥ ♦r ❡q✉❛❧ t♦ ❛ ❣✐✈❡♥ ✈❛❧✉❡ C✳ ❚❤❡ ♣❛r❛♠❡t❡r online − list ♠❡❛♥s t❤❛t✱ ❛s s♦♦♥
❛s ❛ ❥♦❜ ✐s ♣r❡s❡♥t❡❞✱ ❛❧❧ ✐ts ❝❤❛r❛❝t❡r✐st✐❝s ❛r❡ ❦♥♦✇♥ ✭✐ts ♣r♦❝❡ss✐♥❣ t✐♠❡ ✐♥ ♦✉r ❝❛s❡✮ ❛♥❞ t❤✐s ❥♦❜ ❤❛s t♦
❜❡ s❝❤❡❞✉❧❡❞ ❜❡❢♦r❡ t❤❡ ♥❡①t ❥♦❜ ✐s s❡❡♥✳ ❚❤❡ r❡❛❞❡r ❝❛♥ r❡❢❡r t♦ ❇♦r♦❞✐♥ ❛♥❞ ❊❧✲❨❛♥✐✈ ❬✶❪ ❢♦r ♠♦r❡ ❞❡t❛✐❧s
❛❜♦✉t ♦♥❧✐♥❡ ❝♦♠♣✉t❛t✐♦♥ ❛♥❞ t♦ Pr✉❤s ❡t ❛❧✳ ❬✷❪ ❢♦r ♦♥❧✐♥❡ s❝❤❡❞✉❧✐♥❣ ♣r♦❜❧❡♠s✳

❚❤❡ ❜✐♥ str❡t❝❤✐♥❣ ♣r♦❜❧❡♠ ❤❛s ❜❡❡♥ ✐♥tr♦❞✉❝❡❞ ❜② ❆③❛r ❛♥❞ ❘❡❣❡✈ ❬✸❪✳ ❚❤❡② ♣r♦♣♦s❡❞ ❛♥ ❛❧❣♦r✐t❤♠ ♦❢
str❡t❝❤✐♥❣ ❢❛❝t♦r ✶✳✻✷✺ ❛♥❞ ♣r♦✈❡❞ t❤❛t ✹✴✸ ✐s t❤❡ ♦♣t✐♠❛❧ str❡t❝❤✐♥❣ ❢❛❝t♦r ✇✐t❤ t✇♦ ❜✐♥s✳ ❖t❤❡r ❛❧❣♦r✐t❤♠s
✇✐t❤ ✐♠♣r♦✈❡❞ str❡t❝❤✐♥❣ ❢❛❝t♦r ❤❛✈❡ t❤❡♥ ❜❡❡♥ ♣r♦♣♦s❡❞ ❜② ❑❡❧❧❡r❡r ❛♥❞ ❑♦t♦✈ ❬✹❪ ❛♥❞ r❡❝❡♥t❧② ❜② ●❛❜❛②
❡t ❛❧✳ ❬✺❪ ✇❤♦ r❡s♣❡❝t✐✈❡❧② ♣r♦♣♦s❡❞ ❛❧❣♦r✐t❤♠s ✇✐t❤ str❡t❝❤✐♥❣ ❢❛❝t♦rs ✶✶✴✼ ❛♥❞ ✷✻✴✶✼✳ ❚❤❡ ✉♣♣❡r ❜♦✉♥❞
♦♥ t❤❡ ❝♦♠♣❡t✐t✐✈❡ r❛t✐♦ ✭t❤❡ str❡t❝❤✐♥❣ ❢❛❝t♦r✮ ❢♦r t❤✐s ♣r♦❜❧❡♠ ❤❛s ❜❡❡♥ ✐♠♣r♦✈❡❞ ✇❤✐❧❡✱ ✐♥ t❤❡ ♠❡❛♥t✐♠❡✱
t❤❡ ❜❡st ❦♥♦✇♥ ❧♦✇❡r ❜♦✉♥❞ r❡♠❛✐♥❡❞ t❤❡ s❛♠❡✿ ✹✴✸✳ ■♥ t❤✐s ♣❛♣❡r✱ ✇❡ ♣r❡s❡♥t ♥❡✇ ❧♦✇❡r ❜♦✉♥❞s ❢♦r t❤✐s
♣r♦❜❧❡♠✱ ❢♦r ❜♦t❤ ❞❡t❡r♠✐♥✐st✐❝ ❛♥❞ r❛♥❞♦♠✐③❡❞ ❛❧❣♦r✐t❤♠s✳ ■♥ t❤❡ ❢♦❧❧♦✇✐♥❣ s❡❝t✐♦♥✱ ✇❡ ❞❡✜♥❡ ✇♦rst✲❝❛s❡
❝♦♠♣❡t✐t✐✈❡ ❛♥❛❧②s✐s ❛♥❞ ♣r❡s❡♥t t❤❡ ❝❧❛ss✐❝❛❧ ✹✴✸ ❧♦✇❡r ❜♦✉♥❞✳
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❉❡❝❡♠❜❡r ✷✵✱ ✷✵✶✸



✶✳✶✳ ❆ ❧♦✇❡r ❜♦✉♥❞

❆♥ ♦♥❧✐♥❡ ❛❧❣♦r✐t❤♠ A ✐s c✲❝♦♠♣❡t✐t✐✈❡ ✐❢✱ ❢♦r ❛♥② ✐♥st❛♥❝❡ I✱ A ♣r♦✈✐❞❡s ❛ s♦❧✉t✐♦♥ ✇✐t❤ ✈❛❧✉❡ ❛t ♠♦st c
t✐♠❡s ❣r❡❛t❡r t❤❛♥ t❤❡ ♦♣t✐♠❛❧ ✈❛❧✉❡✱ ✐✳❡✳ ∀ ✐♥st❛♥❝❡ I, A(I) ≤ c×OPT (I)✳ ❋♦r t❤❡ ❜✐♥ str❡t❝❤✐♥❣ ♣r♦❜❧❡♠✱
t❤✐s ②✐❡❧❞s A(I) ≤ c ✭✇❡ ❛r❡ ❣✉❛r❛♥t❡❡❞ t❤❛t OPT (I) = 1✮✳

❖✉r ♦❜❥❡❝t✐✈❡ ✐s t♦ ✐♠♣r♦✈❡ ❧♦✇❡r ❜♦✉♥❞s ♦♥ c ❢♦r ❛ ❣✐✈❡♥ ♣r♦❜❧❡♠✳ ❯❧t✐♠❛t❡❧②✱ t❤❡ ❛✐♠ ✐s t♦ ✜♥❞ t❤❡ s♠❛❧❧✲
❡st ❝♦♠♣❡t✐t✐✈❡ r❛t✐♦ c∗ ❛♠♦♥❣ ❛❧❧ ♦♥❧✐♥❡ ❛❧❣♦r✐t❤♠s ❢♦r t❤❡ ♣r♦❜❧❡♠✳ ❚❤✐s ❝♦rr❡s♣♦♥❞s t♦ ✜♥❞✐♥❣ t❤❡ ❣r❡❛t❡st
✈❛❧✉❡ c∗ s✉❝❤ t❤❛t ❢♦r ❛♥② ♦♥❧✐♥❡ ❛❧❣♦r✐t❤♠ A✱ t❤❡r❡ ❡①✐sts ❛♥ ✐♥st❛♥❝❡ I ❢♦r ✇❤✐❝❤ A(I) ≥ c∗ ×OPT (I)✳ ■♥
t❤❡ ❢♦❧❧♦✇✐♥❣✱ ✇❡ ♣r❡s❡♥t t❤❡ ❝❧❛ss✐❝❛❧ ♦♥❧✐♥❡ s❝❤❡❞✉❧✐♥❣ ❧♦✇❡r ❜♦✉♥❞ ❢♦r ♠❛❦❡s♣❛♥ ♠✐♥✐♠✐③❛t✐♦♥✱ ❛❞❛♣t❡❞
t♦ t❤❡ ❜✐♥ str❡t❝❤✐♥❣ ♣r♦❜❧❡♠✳

❲❡ ❝♦♥s✐❞❡r t❤❡ ♣r♦❜❧❡♠ ✇✐t❤ ✷ ❜✐♥s ✭m = 2✮ ❛♥❞ t❤❡ t✇♦ ❢♦❧❧♦✇✐♥❣ s❡q✉❡♥❝❡s ♦❢ ✐t❡♠s ✐♥ t❤❡ ✐♥♣✉t✿

π =

(

1

3
,
1

3
,
2

3
,
2

3

)

π′ =

(

1

3
,
1

3
, 1

)

❖❜✈✐♦✉s❧②✱ ❜♦t❤ ♦❢ t❤❡s❡ s❡q✉❡♥❝❡s ♦❢ ✐t❡♠s ❝❛♥ ❜❡ ♣❛❝❦❡❞ ✐♥t♦ t✇♦ ✉♥✐t s✐③❡❞ ❜✐♥s✳
❲❡ ❝♦♥s✐❞❡r ❛ c✲❝♦♠♣❡t✐t✐✈❡ ❞❡t❡r♠✐♥✐st✐❝ ♦♥❧✐♥❡ ❛❧❣♦r✐t❤♠ A ❢♦r t❤❡ ❜✐♥ str❡t❝❤✐♥❣ ♣r♦❜❧❡♠✳ ❆❧❣♦r✐t❤♠

A ♠✉st ♣❛❝❦ ❜♦t❤ ♦❢ t❤❡s❡ s❡q✉❡♥❝❡s ♦❢ ✐t❡♠s ✇✐t❤ str❡t❝❤✐♥❣ ❢❛❝t♦r ❛t ♠♦st c✳
❊✐t❤❡r A ♣❛❝❦s ❜♦t❤ ♦❢ t❤❡ ✜rst t✇♦ ✐t❡♠s✱ ♦❢ s✐③❡ 1

3
, 1

3
✱ ✐♥ t❤❡ s❛♠❡ ❜✐♥ ♦r ✐♥ ❞✐✛❡r❡♥t ❜✐♥s✳ ■♥ t❤❡ ✜rst

❝❛s❡✱ ✇✐t❤ t❤❡ s❡q✉❡♥❝❡ π✱ t❤❡ s♠❛❧❧❡st ❜✐♥ ✐s ✜❧❧❡❞ t♦ ❛t ❧❡❛st ✹✴✸✱ ❤❡♥❝❡ c ≥ 4

3
✳ ❖t❤❡r✇✐s❡✱ ✇✐t❤ s❡q✉❡♥❝❡

π′✱ t❤❡ s♠❛❧❧❡st ❜✐♥s ✐s ✜❧❧❡❞ t♦ ❛t ❧❡❛st ✹✴✸✱ ❤❡♥❝❡ c ≥ 4

3
✳ ■♥ ❜♦t❤ ❝❛s❡✱ c ≥ 4

3
✳ ❚❤❡r❡❢♦r❡✱ t❤❡ str❡t❝❤✐♥❣

❢❛❝t♦r ♦❢ ❛♥② ♦♥❧✐♥❡ ❛❧❣♦r✐t❤♠ ✐s ❣r❡❛t❡r t❤❛♥ ♦r ❡q✉❛❧ t♦ 4

3
✳

❆③❛r ❛♥❞ ❘❡❣❡✈ ❬✸❪ ❣❡♥❡r❛❧✐③❡❞ t❤✐s ❜♦✉♥❞ t♦ ❛♥② ♥✉♠❜❡r ♦❢ ❜✐♥s✳ ❚❤✐s ❜♦✉♥❞✱ ❤♦✇❡✈❡r✱ ❤❛s ♥♦t ❜❡❡♥
✐♠♣r♦✈❡❞ ❡✈❡r s✐♥❝❡✳

❖✉r ❛✐♠ ✐s t♦ ✐♠♣r♦✈❡ t❤✐s ❧♦✇❡r ❜♦✉♥❞✳ ❖❜✈✐♦✉s❧②✱ ✇❡ ❝❛♥♥♦t ✇♦r❦ ✇✐t❤ ❛❧❧ ♣♦ss✐❜❧❡ ❛❧❣♦r✐t❤♠s ❛♥❞
✐♥st❛♥❝❡s✳ ❨❡t✱ ✐♥ ♦r❞❡r t♦ ♣r♦✈❡ t❤❛t ❛ ❧♦✇❡r ❜♦✉♥❞ ✐s ✈❛❧✐❞✱ ✇❡ ♥❡❡❞ t♦ ♣r♦✈❡ t❤❛t ✐t ✐s ✈❛❧✐❞ ❢♦r ❛❧❧
❞❡t❡r♠✐♥✐st✐❝ ❛❧❣♦r✐t❤♠s✳ ❲❡ r❡♠❛r❦ t❤❛t ♦♥ ❛ ❣✐✈❡♥ ✐♥♣✉t✱ ❝♦♥s✐❞❡r✐♥❣ ❛❧❧ ❛ss✐❣♥♠❡♥ts ❢♦r ❛❧❧ ✐t❡♠s ✐s t❤❡
s❛♠❡ ❛s ❝♦♥s✐❞❡r✐♥❣ ❛❧❧ ❛❧❣♦r✐t❤♠s✳ ■♥ t❤❡ ❢♦❧❧♦✇✐♥❣✱ ✇❡ ♠♦❞❡❧ t❤❡ ♣r♦❜❧❡♠ ♦❢ ✜♥❞✐♥❣ ❧♦✇❡r ❜♦✉♥❞ ❛s ❛ ❣❛♠❡
❛♥❞ r❡str❛✐♥ t❤❡ ❝❤♦✐❝❡s ♦❢ t❤❡ ❛❞✈❡rs❛r② ✭✇❤✐❝❤ ❝♦rr❡s♣♦♥❞s t♦ r❡str❛✐♥✐♥❣ t❤❡ ✐♥st❛♥❝❡s✮✳

✶✳✷✳ ❖✉r ❝♦♥tr✐❜✉t✐♦♥

❲❡ ❞❡r✐✈❡ ❛ ♥❡✇ ✇♦rst✲❝❛s❡ ❧♦✇❡r ❜♦✉♥❞✱ ✇✐t❤ ✈❛❧✉❡ 19/14 ≈ 1.3571✳ ■♥ ♦r❞❡r t♦ ♦❜t❛✐♥ t❤✐s ❜♦✉♥❞✱
✇❡ ♠♦❞❡❧ t❤❡ ♣r♦❜❧❡♠ ❛s ❛ t✇♦✲♣❧❛②❡rs✱ ③❡r♦✲s✉♠ ❣❛♠❡✳ ❚❤❡♥✱ ✇❡ ✉s❡ t❤❡ s♦✲❝❛❧❧❡❞ ❛❞✈❡rs❛r② ♠❡t❤♦❞ ✐♥
✇❤✐❝❤ ❛ ♠❛❧✐❝✐♦✉s✱ ♦♠♥✐♣♦t❡♥t✱ ❛❞✈❡rs❛r② ✐s ♣❧❛②✐♥❣ ❛❣❛✐♥st t❤❡ ❛❧❣♦r✐t❤♠ t♦ ❞❡r✐✈❡ ✐♠♣r♦✈❡❞ ❧♦✇❡r ❜♦✉♥❞s✳
❈♦♥tr❛r② t♦ tr❛❞✐t✐♦♥❛❧ st✉❞✐❡s ✐♥ ♦♥❧✐♥❡ s❝❤❡❞✉❧✐♥❣ ✇❤✐❝❤ ♦❢t❡♥ ✉s❡ ❧❛②❡r✐♥❣ t❡❝❤♥✐q✉❡s t♦ ❞❡r✐✈❡ ❧♦✇❡r
❜♦✉♥❞s ❢♦r ❞❡t❡r♠✐♥✐st✐❝ ❛❧❣♦r✐t❤♠s✱ s❡❡ ❡✳❣✳ ❬✻✱ ✼✱ ✽❪✱ ✇❡ ✉s❡ ❛♥ ❛✉t♦♠❛t❡❞ ❛♣♣r♦❛❝❤ ❜❛s❡❞ ♦♥ t❤❡ ♠✐♥✐♠❛①
❛❧❣♦r✐t❤♠ ❬✾❪✱ ✇✐t❤ ❛❧♣❤❛✲❜❡t❛ ♣r✉♥✐♥❣ ❬✶✵❪ t♦ s♦❧✈❡ t❤❡ ❣❛♠❡ ✇❤❡r❡ t❤❡ ❛❞✈❡rs❛r② ❤❛s r❡str✐❝t❡❞ ❝❤♦✐❝❡s ♦♥
✐t❡♠s ✇❡✐❣❤ts✳ ▼♦r❡♦✈❡r✱ t♦ ❝♦♠♣❧② ✇✐t❤ t❤❡ ❦♥♦✇♥ ❢❡❛s✐❜✐❧✐t② ♦❢ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ❜✐♥ ♣❛❝❦✐♥❣ ♣r♦❜❧❡♠
✇✐t❤ ✉♥✐t s✐③❡❞ ❜✐♥s✱ ✇❡ ✉s❡ ❝♦♥str❛✐♥t ♣r♦❣r❛♠♠✐♥❣ t♦ ❝♦♠♣✉t❡ ❢❡❛s✐❜❧❡ ❞❡❝✐s✐♦♥s ♦❢ t❤❡ ❛❞✈❡rs❛r②✳

❚❤❡ ❛❧❣♦r✐t❤♠ ♦✉t♣✉ts ❛ ❞❡❝✐s✐♦♥ tr❡❡ ❛s ❛ ♣r♦♦❢✳ ❆❧❧ ❞❡❝✐s✐♦♥s ♦❢ t❤❡ ❛❞✈❡rs❛r② ❛r❡ ♣r♦✈✐❞❡❞ ✐♥ t❤✐s tr❡❡✱
❢♦r ❛❧❧ ❞❡❝✐s✐♦♥s ♦❢ ❛♥② ❛❧❣♦r✐t❤♠✳ ❚❤❡ ♣r♦♦❢ ❢♦r t❤❡ ✶✾✴✶✹ ❧♦✇❡r ❜♦✉♥❞ ✐s ♣r♦✈✐❞❡❞ ✐♥ ❆♣♣❡♥❞✐① ❆✳

❚❤✐s ❝♦♠♣✉t❛t✐♦♥❛❧ ❛♣♣r♦❛❝❤ ❝❛♥ ❜❡ ❣❡♥❡r❛❧✐③❡❞ ❛♥❞ ❛♣♣❧✐❡❞ t♦ ❛♥② ♦♥❧✐♥❡ ♦r s❡♠✐✲♦♥❧✐♥❡ ♣r♦❜❧❡♠ ❛♥❞✱
t♦ t❤❡ ❜❡st ♦❢ ♦✉r ❦♥♦✇❧❡❞❣❡✱ ❤❛s ♥♦t ❜❡❡♥ ❛♣♣❧✐❡❞ ②❡t ✐♥ t❤❡ ♦♥❧✐♥❡ s❝❤❡❞✉❧✐♥❣ ❧✐t❡r❛t✉r❡✳

❇② ❛♣♣❧②✐♥❣ ❨❛♦✬s ♠✐♥✐♠❛① ♣r✐♥❝✐♣❧❡ ❬✶✶❪✱ ✇❡ ❛❧s♦ ♦❜t❛✐♥ ❛ ❧♦✇❡r ❜♦✉♥❞ ✇✐t❤ ✈❛❧✉❡ ✼✴✻ ❢♦r t❤❡ ❡①♣❡❝t❡❞
❝♦♠♣❡t✐t✐✈❡ r❛t✐♦ ♦❢ ❛♥② r❛♥❞♦♠✐③❡❞ ❛❧❣♦r✐t❤♠ ♦♥ t❤❡ ❜✐♥ str❡t❝❤✐♥❣ ♣r♦❜❧❡♠✳ ❚❤❡ r❡❛❞❡r ❝❛♥ r❡❢❡r t♦ ❬✶✷❪
❢♦r ♠✉❧t✐♣❧❡ ❛♣♣❧✐❝❛t✐♦♥s ♦❢ ❨❛♦✬s ♣r✐♥❝✐♣❧❡ ♦♥ s❝❤❡❞✉❧✐♥❣ ♣r♦❜❧❡♠s✳

✶✳✸✳ ❖✉t❧✐♥❡

■♥ ❙❡❝t✐♦♥ ✷✱ ✇❡ ♠♦❞❡❧ t❤❡ ♣r♦❜❧❡♠ ♦❢ ✜♥❞✐♥❣ ❧♦✇❡r ❜♦✉♥❞s ❢♦r ❜✐♥ str❡t❝❤✐♥❣ ❛❧❣♦r✐t❤♠s ❛s ❛ ❣❛♠❡✳ ❚❤❡♥✱
✐♥ ❙❡❝t✐♦♥ ✸✱ ✇❡ ♣r❡s❡♥t t❤❡ ❛❧❣♦r✐t❤♠ ❛♥❞ ❝✉ts ✇❡ ✉s❡ t♦ s♦❧✈❡ t❤✐s ❣❛♠❡ ❛♥❞ ❝♦♠♣✉t❡ ❧♦✇❡r ❜♦✉♥❞s✳ ❋✐♥❛❧❧②✱
✐♥ ❙❡❝t✐♦♥ ✹✱ ✇❡ ♣r❡s❡♥t ❛ ✜rst ❧♦✇❡r ❜♦✉♥❞ ♦♥ r❛♥❞♦♠✐③❡❞ ❛❧❣♦r✐t❤♠s ❢♦r t❤❡ ❜✐♥ str❡t❝❤✐♥❣ ♣r♦❜❧❡♠✳

✷



✷✳ ❚❤❡ ❜✐♥ str❡t❝❤✐♥❣ ❣❛♠❡

❲❡ ♠♦❞❡❧ t❤❡ ♣r♦❜❧❡♠ ♦❢ ✜♥❞✐♥❣ ❧♦✇❡r ❜♦✉♥❞s ❢♦r t❤❡ ❜✐♥ str❡t❝❤✐♥❣ ♣r♦❜❧❡♠ ❛s t❤❡ ❢♦❧❧♦✇✐♥❣ t✇♦ ♣❧❛②❡rs✱
③❡r♦✲s✉♠✱ ✐♥✜♥✐t❡ ❣❛♠❡✿

❇■◆ ❙❚❘❊❚❈❍■◆● ●❆▼❊

P❧❛②❡r ✶ ❝❤♦s❡s ❛ ♣♦s✐t✐✈❡ ✐♥t❡❣❡r m✳ ❚❤❡♥✱ s✉❝❝❡ss✐✈❡❧②✱ ✉♥t✐❧ P❧❛②❡r ✶ ❝❤♦s❡s ❙t♦♣✿

✶✳ P❧❛②❡r ✶ ✭t❤❡ ❛❞✈❡rs❛r②✮ ❝❤♦s❡s ❛ ❢❡❛s✐❜❧❡ ✇❡✐❣❤t ❞❡✜♥✐♥❣ ❛♥ ✐t❡♠ ♦r ❙t♦♣✳

✷✳ P❧❛②❡r ✷ ✭t❤❡ ❛❧❣♦r✐t❤♠✮ s❡❧❡❝ts ❛♥ ✐♥t❡❣❡r i ∈ {1, . . . ,m} ❛♥❞ ♣❛❝❦s t❤❡ ✐t❡♠ ✐♥t♦ t❤❡ ❜✐♥ Bi✳

❚❤❡ ♣❛②♦✛ ♦❢ P❧❛②❡r ✶ ✐s ❡q✉❛❧ t♦ max(1,maxi=1,...,m w(Bi))✱ ✇❤❡r❡ w(Bi) =
∑

j∈Bi
wj ✳

▲❡t wj ❜❡ t❤❡ ✇❡✐❣❤t s❡❧❡❝t❡❞ ❜② P❧❛②❡r ✶ ♦♥ ✐t❡r❛t✐♦♥ j✳ ❚❤❡ ✇❡✐❣❤t wj ✐s ❢❡❛s✐❜❧❡ ✐❢ ❛♥❞ ♦♥❧② ✐❢ t❤❡
❜✐♥ ♣❛❝❦✐♥❣ ♣r♦❜❧❡♠ ✇✐t❤ m ❜✐♥s ♦❢ ✉♥✐t ❝❛♣❛❝✐t✐❡s ❛♥❞ ✐t❡♠s ✇✐t❤ ✇❡✐❣❤ts w1, . . . , wj ✐s ❢❡❛s✐❜❧❡✳ ❚❤❡ ❜✐♥
♣❛❝❦✐♥❣ ♣r♦❜❧❡♠ ✐s str♦♥❣❧② NP✲❤❛r❞ ❬✶✸❪✳ ❍♦✇❡✈❡r✱ ✇❡ ❝❛♥ ❝♦♥s✐❞❡r t❤❛t t❤❡ ❛❞✈❡rs❛r② ✐s ❛♥ ♦r❛❝❧❡ ❛♥❞
❝❛♥ ❡❛s✐❧② ❝♦♠♣✉t❡ t❤✐s ♣r♦❜❧❡♠✳

❆❞❞✐t✐♦♥❛❧❧②✱ t❤✐s ✐s ❛ ❣❛♠❡ ✇✐t❤ ❝♦♠♣❧❡t❡ ✐♥❢♦r♠❛t✐♦♥ ✇❤✐❝❤ ♠❡❛♥s t❤❛t ❜♦t❤ ♣❧❛②❡rs ❦♥♦✇ ❛❧❧ t❤❡
❞❡❝✐s✐♦♥s t❛❦❡♥ ❛♥❞ r❡❝❛❧❧ t❤❡ ❤✐st♦r② ♦❢ t❤❡ ❣❛♠❡✳

❚❤❡ ♣❛②♦✛ ♦❢ P❧❛②❡r ✶ ✐s c✱ t❤❡ str❡t❝❤✐♥❣ ❢❛❝t♦r✱ ✇❤✐❧❡ t❤❡ ♣❛②♦✛ ♦❢ P❧❛②❡r ✷ ✐s −c✳ ❚❤✐s ❣❛♠❡ ✐s ❛
♠✐♥✐♠❛① ❣❛♠❡ ✇❤❡r❡ P❧❛②❡r ✶ ❛✐♠s ❛t ♠❛①✐♠✐③✐♥❣ c ✇❤✐❧❡ P❧❛②❡r ✷ ❛✐♠s ❛t ♠✐♥✐♠✐③✐♥❣ c✳ ❆♥ ❛❧❣♦r✐t❤♠ ❢♦r
t❤❡ ❜✐♥ str❡t❝❤✐♥❣ ♣r♦❜❧❡♠ ❞❡✜♥❡s ❛ ❜❡❤❛✈✐♦r ❢♦r P❧❛②❡r ✷✳ ❚❤❡ ✇♦rst✲❝❛s❡ ❝♦♠♣❡t✐t✐✈❡ r❛t✐♦ ♦❢ ❛♥ ❛❧❣♦r✐t❤♠
✐s ❡q✉❛❧ t♦ t❤❡ s✉♣r❡♠✉♠ ♦❢ c ✇❤❡♥ P❧❛②❡r ✷ ❛❝ts ❛❝❝♦r❞✐♥❣ t♦ t❤❡ ❛❧❣♦r✐t❤♠✳ ❚❤❡ s✉♣r❡♠✉♠ ♦♥ t❤❡ ♣❛②♦✛
♦❢ P❧❛②❡r ✶ ✐♥ t❤✐s ❣❛♠❡ ✐s ❡q✉❛❧ t♦ t❤❡ ✈❛❧✉❡ c∗✳

■t ✐s ❡❛s② t♦ s❡❡ t❤❛t t❤✐s ❣❛♠❡ ✐s ✐♥✜♥✐t❡ s✐♥❝❡ t❤❡ ❛❞✈❡rs❛r② ❝❛♥ ♣r♦✈✐❞❡ t❤❡ ✐♥♣✉t wj = 1/2j ✱
❢♦r j = 1, . . . ,∞✳ ❍❡♥❝❡✱ ✇❡ ❝❛♥♥♦t ❡①♣❧♦r❡ ❛❧❧ ❢❡❛s✐❜❧❡ ❝❤♦✐❝❡s ♦❢ t❤❡ ❛❞✈❡rs❛r② ✉♥❧❡ss ✇❡ r❡str❛✐♥ t❤❡♠✳ ❚♦
❝♦♣❡ ✇✐t❤ t❤✐s ✐ss✉❡✱ ✇❡ ❛❝t✉❛❧❧② ❝♦♥s✐❞❡r t❤❛t P❧❛②❡r ✶ ❤❛s t❤❡ ❢♦❧❧♦✇✐♥❣ ❜❡❤❛✈✐♦r✿ ❛t t❤❡ ❜❡❣✐♥♥✐♥❣ ♦❢ ❛
❣❛♠❡✱ P❧❛②❡r ✶ ❝❤♦s❡s ❛ ♣♦s✐t✐✈❡ ✐♥t❡❣❡r C✳ ❚❤❡♥✱ ❛❧❧ t❤❡ ✇❡✐❣❤ts ❝❤♦s❡♥ ❜② P❧❛②❡r ✶ ❛r❡ ✐♥ {1/C, 2/C, . . . , 1}
✭❤❡ ❝❛♥ st✐❧❧ ❝❤♦s❡ ❙t♦♣ ❛s ✇❡❧❧✮✳ ❈♦♥s✐❞❡r✐♥❣ t❤✐s s✉❜s❡t ♦❢ ❛❞✈❡rs❛r✐❡s✱ t❤❡ ❣❛♠❡ ✐s ✜♥✐t❡✿ P❧❛②❡r ✶ ❤❛s ❛t
♠♦st mC ❝❤♦✐❝❡s ❜❡❢♦r❡ t❤❡ ❣❛♠❡ ✐s ♦✈❡r✳

■♥ ♦r❞❡r t♦ ♣r♦✈❡ t❤❛t ❛ ✈❛❧✉❡ c ✐s ❛ ❧♦✇❡r ❜♦✉♥❞ ♦♥ c∗✱ ✐t ✐s ✏s✉✣❝✐❡♥t✑ t♦ s❤♦✇ t❤❛t ❢♦r ❛♥② ❛❧❣♦r✐t❤♠✱
t❤❡r❡ ✐s ❛♥ ✐♥st❛♥❝❡ s✉❝❤ t❤❛t t❤❡ str❡t❝❤✐♥❣ ❢❛❝t♦r ♦❢ t❤❡ ❛❧❣♦r✐t❤♠ ✐s ❣r❡❛t❡r t❤❛♥ ♦r ❡q✉❛❧ t♦ c✳ ❲❡
❝❛♥♥♦t ❝♦♥s✐❞❡r ❛❧❧ ❛❧❣♦r✐t❤♠s ❜✉t✱ ♦♥ ❛ ❣✐✈❡♥ ✐♥st❛♥❝❡✱ t❤❡r❡ ✐s ❛ ✜♥✐t❡ ♥✉♠❜❡r ♦❢ ❞❡❝✐s✐♦♥s ❢♦r P❧❛②❡r ✷ ❛♥❞
❝♦♥s✐❞❡r✐♥❣ ❛❧❧ ❞❡❝✐s✐♦♥s ✐s ❛❝t✉❛❧❧② t❤❡ s❛♠❡ ❛s ❝♦♥s✐❞❡r✐♥❣ ❛❧❧ ❛❧❣♦r✐t❤♠s✳ ❍❡♥❝❡✱ ✇❡ ♦♥❧② ♥❡❡❞ t♦ s❤♦✇
t❤❛t✱ ❢♦r ❛♥② ❞❡❝✐s✐♦♥ ♦❢ P❧❛②❡r ✷✱ t❤❡r❡ ✐s ❛ s❡q✉❡♥❝❡ ♦❢ ❞❡❝✐s✐♦♥s ❢r♦♠ P❧❛②❡r ✶ ❧❡❛❞✐♥❣ t♦ ❛ s♦❧✉t✐♦♥ ✇✐t❤
✈❛❧✉❡ ❛t ❧❡❛st c✳ ❋✐❣✉r❡ ✶ ✐❧❧✉str❛t❡s t❤✐s ❢♦r t❤❡ ✹✴✸ ❧♦✇❡r ❜♦✉♥❞✳ ❆❧❧ ❞❡❝✐s✐♦♥s ❢r♦♠ P❧❛②❡r ✷ ❛r❡ ❝♦♥s✐❞❡r❡❞
✇❤✐❧❡ ♦♥❧② ♦♥❡ ❞❡❝✐s✐♦♥ ❢♦r ❡❛❝❤ ❜r❛♥❝❤ ✐s ♣r♦✈✐❞❡❞ ❢♦r P❧❛②❡r ✶✳

✸✳ ■♠♣❧❡♠❡♥t❛t✐♦♥

■♥ ♦r❞❡r t♦ s♦❧✈❡ t❤❡ ❣❛♠❡✱ t❤❛t ✐s✱ ✜♥❞ ❛ str❛t❡❣② ❢♦r P❧❛②❡r ✶✱ ♠❛①✐♠✐③✐♥❣ c✱ ✇❡ ✐♠♣❧❡♠❡♥t t❤❡ ♠✐♥✐♠❛①
❛❧❣♦r✐t❤♠ ✭❞❡♣t❤✲✜rst s❡❛r❝❤✮ ❢♦r t❤❡ ❣❛♠❡ ♣r❡✈✐♦✉s❧② ❞❡s❝r✐❜❡❞✳ ❲❡ ❛♣♣❧② t❤❡ ❛❧♣❤❛✲❜❡t❛ ♣r✉♥✐♥❣ ✇✐t❤
s❡✈❡r❛❧ ❛❞❞✐t✐♦♥❛❧ ❝✉ts✳ ❘❡♠❛r❦ t❤❛t ❝♦♥s✐❞❡r✐♥❣ ✉♥✐t ❝❛♣❛❝✐t✐❡s ❛♥❞ ✇❡✐❣❤ts ✐♥ {1/C, 2/C, . . . , 1} ✐s t❤❡
s❛♠❡ ❛s ❝♦♥s✐❞❡r✐♥❣ t❤❡ ❝❛♣❛❝✐t✐❡s ♦❢ t❤❡ ❜✐♥s t♦ ❜❡ C ❛♥❞ ✇❡✐❣❤ts ✐♥ {1, . . . , C}✳ ❍❡♥❝❡✱ ✇❡ r❡♣r❡s❡♥t ❛♥
✐t❡♠ ❜② ❛♥ ✐♥t❡❣❡r ✐♥ {1, . . . , C} ❛♥❞ ❛ ❜✐♥ ❜② ❛ ❧✐st ♦❢ ✐♥t❡❣❡rs✱ ❝♦rr❡s♣♦♥❞✐♥❣ t♦ t❤❡ ✐t❡♠s ✐♥ t❤❡ ❜✐♥✳

✸✳✶✳ ❉❡❝✐s✐♦♥s ♦♥ ✐t❡♠s ✇❡✐❣❤ts ❛♥❞ ❛ss✐❣♥♠❡♥ts

■♥ ♦r❞❡r t♦ ❞❡❝✐❞❡ ✇❤❡t❤❡r ❛♥ ✐t❡♠ ❝❛♥ ❜❡ ♣r♦♣♦s❡❞ ❜② t❤❡ ❛❞✈❡rs❛r② ♦r ♥♦t✱ ✇❡ ❛♣♣❧② s✐♠♣❧❡ ❧♦✇❡r ❛♥❞
✉♣♣❡r ❜♦✉♥❞✐♥❣ r❡s✉❧ts ♦♥ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ❜✐♥ ♣❛❝❦✐♥❣ ♣r♦❜❧❡♠✱ ✐♥❝❧✉❞✐♥❣ t❤❡ ❛❞❞✐t✐♦♥❛❧ ♥❡✇ ✐t❡♠✳ ❙♦♠❡
♦❢ t❤❡s❡ ❛r❡ ❞❡s❝r✐❜❡❞ ✐♥ t❤❡ ❢♦❧❧♦✇✐♥❣ ♣❛r❛❣r❛♣❤s✳

▲❡t w1, . . . , wj ❜❡ t❤❡ ✇❡✐❣❤ts ♦❢ t❤❡ ✐t❡♠s✱ s♦rt❡❞ ✐♥ ♥♦♥✲✐♥❝r❡❛s✐♥❣ ♦r❞❡r✳ ❲❡ ✈❡r✐❢② t❤❛t
∑j

i=1
wi ≤ mC

❛♥❞ wm+wm+1 ≤ C✳ ▲❡t k = max{i|wi > C/2} ✭k = 0 ✐❢ t❤❡r❡ ❛r❡ ♥♦ s✉❝❤ ✐t❡♠s✮ ❛♥❞ l = max{i|wi = C/2}

✸



(0, 0)
◆❡①t✿ 1/3

(0, 1/3)
◆❡①t✿ 1/3

(0, 2/3)
◆❡①t✿ 2/3

(2/3, 2/3)
◆❡①t✿ 2/3

(2/3, 4/3)(4/3, 2/3)

(0, 4/3)

(1/3, 1/3)
◆❡①t✿ 1

(1/3, 4/3)(4/3, 1/3)

(1/3, 0)
◆❡①t✿ 1/3

(2/3, 0)
◆❡①t✿ 2/3

(2/3, 2/3)
◆❡①t✿ 2/3

(2/3, 4/3)(4/3, 2/3)

(4/3, 0)

(1/3, 1/3)
◆❡①t✿ 1

(1/3, 4/3)(4/3, 1/3)

❋✐❣✉r❡ ✶✿ ✹✴✸ ❧♦✇❡r ❜♦✉♥❞ ❞❡❝✐s✐♦♥ tr❡❡✳ P❧❛②❡r ✶ ❞❡❝✐s✐♦♥s ❛r❡ t❤❡ ✏◆❡①t✿ wi✑✳ ❚❤❡ ♣❛✐rs (w1, w2) ❣✐✈❡ t❤❡
s♣❛❝❡ ✉s❡❞ ✐♥ t❤❡ ❜✐♥s✳

✭l = k ✐❢ t❤❡r❡ ❛r❡ ♥♦ s✉❝❤ ✐t❡♠s✮✱ ✇❡ ❛❧s♦ ❡♥s✉r❡ t❤❛t 2k+ l ≤ 2m✳ ■❢ ❛♥② ♦❢ t❤❡ ♣r❡✈✐♦✉s ✐♥❡q✉❛❧✐t✐❡s ✐s ♥♦t
✈❡r✐✜❡❞✱ t❤❡♥ t❤❡ ✇❡✐❣❤t ✐s ✐♥❢❡❛s✐❜❧❡✳

❖t❤❡r ❧♦✇❡r ❜♦✉♥❞s✱ s✉❝❤ ❛s L2 ❛♥❞ L3 ❢r♦♠ ▼❛rt❡❧❧♦ ❛♥❞ ❚♦t❤ ❬✶✹❪✱ ❝❛♥ ❛❧s♦ ❜❡ ❝♦♠♣✉t❡❞✳ ❍♦✇❡✈❡r✱
r❡✜♥❡❞ ❜♦✉♥❞s ❝❛♥ ❜❡ ❝♦♠♣✉t❡❞ ❧❛t❡r✱ ❜❡❢♦r❡ ♦r ❞✉r✐♥❣ t❤❡ ❡①❛❝t r❡s♦❧✉t✐♦♥ ♦❢ t❤❡ ♣r♦❜❧❡♠✳

❚❤❡♥✱ ✐❢ t❤❡ ♣r♦❜❧❡♠ ✇❛s ♥♦t ♣r♦✈❡♥ ✐♥❢❡❛s✐❜❧❡✱ ✇❡ ❝♦♠♣✉t❡ t❤❡ ❜❡st ✜t ❞❡❝r❡❛s✐♥❣ ❤❡✉r✐st✐❝ ♦♥ t❤❡ ✐♥♣✉t✳
■❢ ✐t ✐s ❢❡❛s✐❜❧❡✱ t❤❡♥ t❤❡ ♥❡✇ ✐t❡♠ ✐s ❛❝❝❡♣t❡❞✳ ❖t❤❡r✇✐s❡✱ ✇❡ ♥❡❡❞ ❛♥ ❡①❛❝t ❛♣♣r♦❛❝❤ t♦ ❞❡t❡r♠✐♥❡ ✇❤❡t❤❡r
❝✉rr❡♥t ✐t❡♠ ✐s ❢❡❛s✐❜❧❡ ♦r ♥♦t✳

■♥ ♦✉r ❝❛s❡✱ ✇❡ ✉s❡ ❝♦♥str❛✐♥t ♣r♦❣r❛♠♠✐♥❣ t♦ s♦❧✈❡ t❤❡ ❜✐♥ ♣❛❝❦✐♥❣ ♣r♦❜❧❡♠✳ ❚❤✐s ❝❤♦✐❝❡ ✇❛s ♠♦t✐✈❛t❡❞
❜② t❤❡ s♠❛❧❧ s✐③❡s ♦❢ t❤❡ ♣r♦❜❧❡♠s t❤❛t ❤❛✈❡ t♦ ❜❡ s♦❧✈❡❞✳ ❲❡ ❞✐❞ ♥♦t ✐♠♣❧❡♠❡♥t ❛ ❞❡❞✐❝❛t❡❞ ❛♣♣r♦❛❝❤ s✐♥❝❡
t❤❡ t✐♠❡ s♣❡♥t ❝❤❡❝❦✐♥❣ ❢❡❛s✐❜✐❧✐t② ✐s str♦♥❣❧② ❞♦♠✐♥❛t❡❞ ❜② t❤❡ t✐♠❡ s♣❡♥t ✐♥ t❤❡ ♠✐♥✐♠❛① ❛❧❣♦r✐t❤♠✳

■♥ ❣❡♥❡r❛❧✱ ❢♦r ❛ s❡♠✐✲♦♥❧✐♥❡ ♣r♦❜❧❡♠✱ ♦♥❡ ❝❛♥ ✉s❡ ❛♥② ❛♣♣r♦❛❝❤✱ ✐♥❝❧✉❞✐♥❣ ✐♥t❡❣❡r ♣r♦❣r❛♠♠✐♥❣✱ ❜r❛♥❝❤
❛♥❞ ❜♦✉♥❞ ♦r ❛♥② ❡①❛❝t ❞❡❞✐❝❛t❡❞ ❛♣♣r♦❛❝❤ t♦ ❞❡t❡r♠✐♥❡ ✇❤❡t❤❡r ❛ ♠♦✈❡ ❢♦r t❤❡ ❛❞✈❡rs❛r② ✐s ❢❡❛s✐❜❧❡ ♦r
♥♦t✳ ❲❡ ❝❛♥ ❛❧s♦ ✉s❡ ❤❡✉r✐st✐❝ ❛♣♣r♦❛❝❤❡s ✇✐t❤ t❤❡ r✐s❦ ♦❢ ♥♦t ❜❡✐♥❣ ❛❜❧❡ t♦ ✜♥❞ ❛ ❧♦✇❡r ❜♦✉♥❞ ❜❡❝❛✉s❡ ♦❢
❛ ♠✐ss❡❞ ❢❡❛s✐❜❧❡ ♠♦✈❡✳ ❍♦✇❡✈❡r✱ ✇❤❡♥ ❛ ♠♦✈❡ ✐s ✈❛❧✐❞❛t❡❞✱ ✐t ❤❛s t♦ ❜❡ r❡❛❧❧② ❢❡❛s✐❜❧❡ ✐♥ ♦r❞❡r t♦ ❡♥s✉r❡
t❤❡ ❝♦rr❡❝t♥❡ss ♦❢ t❤❡ r❡s✉❧ts ♦❢ t❤❡ ❛❧❣♦r✐t❤♠✳

❊✈❡♥t✉❛❧❧②✱ ✐t ✐s ♥♦t ♥❡❝❡ss❛r② t♦ ✈❡r✐❢② ❢❡❛s✐❜✐❧✐t② ❢♦r ❛❧❧ ✐t❡♠s✿ ♦♥❝❡ ❛♥ ✐t❡♠ ✐s ♣r♦✈❡♥ ❢❡❛s✐❜❧❡✱ ❛❧❧ s♠❛❧❧❡r
✐t❡♠s ❛r❡ ❢❡❛s✐❜❧❡ ❛s ✇❡❧❧✳ ❍❡♥❝❡✱ ❜② ❝♦♥s✐❞❡r✐♥❣ ❛❞✈❡rs❛r② ❝❤♦✐❝❡s ❜② ❞❡❝r❡❛s✐♥❣ ♦r❞❡r ♦❢ t❤❡ ✇❡✐❣❤ts ♦❢ t❤❡
✐t❡♠s✱ ✇❡ ♦♥❧② ❤❛✈❡ t♦ ✜♥❞ t❤❡ ✜rst ❢❡❛s✐❜❧❡ ✐t❡♠ ❀ t❤❡♥ ❛❧❧ r❡♠❛✐♥✐♥❣ ✐t❡♠s ❛r❡ s♠❛❧❧❡r✱ ❤❡♥❝❡ ❢❡❛s✐❜❧❡✳

✸✳✷✳ ❈✉ts

❚❤❡ s✐③❡ ♦❢ t❤❡ ♠✐♥✐♠❛① tr❡❡ ✐s ❡①♣♦♥❡♥t✐❛❧ ✐♥ m ❛♥❞ C✳ ❍❡♥❝❡✱ ✇❡ ❤❛✈❡ t♦ ✜♥❞ ❛ ✇❛② t♦ ❝✉t ❜r❛♥❝❤❡s
✐♥ ♦r❞❡r t♦ ❜❡ ❛❜❧❡ t♦ ❝♦♠♣✉t❡ ♦♣t✐♠❛❧ s♦❧✉t✐♦♥s✳ ❚❤❡ ✜rst st❡♣ t♦ r❡❞✉❝❡ t❤❡ ♠✐♥✐♠❛① tr❡❡ ✐s t♦ ❜r❡❛❦
s②♠♠❡tr✐❡s ♦♥ t❤❡ ❣❛♠❡✿ ♣❡r♠✉t❛t✐♦♥ ♦♥ ❛ t❤❡ ❜✐♥s ❛r❡ ❛❝t✉❛❧❧② ❝♦rr❡s♣♦♥❞✐♥❣ t♦ ✐❞❡♥t✐❝❛❧ s♦❧✉t✐♦♥s✳
▼♦r❡♦✈❡r✱ ❢r♦♠ P❧❛②❡r ✷ ♣♦✐♥t ♦❢ ✈✐❡✇✱ t❤❡ ✐t❡♠s ✐♥ t❤❡ ❜✐♥s ❞♦ ♥♦t ♠❛tt❡r✳ ❖♥❧② t❤❡ ❜✐♥ s✐③❡s ♠❛t✲
t❡r✳ ❙♦✱ t❤❡ ❝♦♥✜❣✉r❛t✐♦♥ ((6, 3), (4, 5), ∅) ✐s ❛❝t✉❛❧❧② t❤❡ s❛♠❡ ❛s ((7, 1, 1), ∅, (3, 6))✳ ❍♦✇❡✈❡r✱ t❤❡s❡ t✇♦
❝♦♥✜❣✉r❛t✐♦♥ ❛r❡ ❞✐✛❡r❡♥t ❢r♦♠ P❧❛②❡r ✶ ♣♦✐♥t ♦❢ ✈✐❡✇ s✐♥❝❡ ❤❡ ♥❡❡❞s t♦ ❡♥s✉r❡ t❤❛t t❤❡ r❡s✉❧t✐♥❣ ❜✐♥
♣❛❝❦✐♥❣ ♣r♦❜❧❡♠ ✇✐❧❧ ❜❡ ❢❡❛s✐❜❧❡✳ ❍♦✇❡✈❡r✱ t♦ ❜♦t❤ P❧❛②❡r ✶ ❛♥❞ P❧❛②❡r ✷✱ t❤❡ ❢♦❧❧♦✇✐♥❣ ❝♦♥✜❣✉r❛t✐♦♥s
❛r❡ ❡q✉✐✈❛❧❡♥t✿ ((6, 5, 1, 2), (7, 7), ∅)✱ ((6, 1, 7), (5, 2, 7), ∅)✳ ❚❤❡s❡ t✇♦ ♥♦❞❡s ❝❛♥ ❛❝t✉❛❧❧② ❜❡ ❞❡s❝r✐❜❡❞ ❛s✿
({(0, 1), (14, 2)}, {(1, 1), (2, 1), (6, 1), (7, 2)}) ✇❤✐❝❤ ✐s t❤❡ s❛♠❡ ♥♦❞❡ t♦ ❜♦t❤ ♣❧❛②❡rs✳ ■♥ t❤❡ ✜rst s❡t ♦❢ ♣❛✐rs✱
t❤❡ ✇❡✐❣❤ts ♦❢ t❤❡ ❜✐♥s ❛♥❞ t❤❡✐r ♠✉❧t✐♣❧✐❝✐t✐❡s ❛r❡ ❣✐✈❡♥✱ ✇❤✐❧❡ t❤❡ s❡❝♦♥❞ s❡t ♦❢ ♣❛✐rs ❞❡♥♦t❡s t❤❡ ✇❡✐❣❤ts
♦❢ t❤❡ ✐t❡♠s ❛♥❞ t❤❡✐r ♠✉❧t✐♣❧✐❝✐t✐❡s✳ ❆❧❧ ♥♦❞❡s ❤❛✈✐♥❣ t❤❡ s❛♠❡ ❡♥❝♦❞✐♥❣ ❛r❡ ❡q✉✐✈❛❧❡♥t✳

✹



❲❡ ✉s❡ t❤✐s ❡♥❝♦❞✐♥❣ t♦ r❡♣r❡s❡♥t ❛ ✭♣❛rt✐❛❧✮ s♦❧✉t✐♦♥ ❛♥❞ ✇❡ t❛❦❡ ❛❞✈❛♥t❛❣❡ ♦❢ ✐t ✐♥ t✇♦ ✇❛②s✿ ✇❤❡♥
P❧❛②❡r ✷ ♣❛❝❦s ❛♥ ✐t❡♠✱ t❤❡ ♥✉♠❜❡r ♦❢ ❡❞❣❡s t♦ ❡①♣❧♦r❡ ✐s ❡q✉❛❧ t♦ t❤❡ ❝❛r❞✐♥❛❧✐t② ♦❢ t❤❡ ✜rst s❡t ♦❢ t❤❡
♣❛✐r✱ ✇❤✐❝❤ ✐s ❧❡ss t❤❛♥ ♦r ❡q✉❛❧ t♦ m✳ ▼♦r❡♦✈❡r✱ ✇❡ ✉s❡ ♠❡♠♦✐③❛t✐♦♥ ❬✶✺❪ ✭❛♥❞ ❝♦♠♣r❡ss✐♦♥✮ t♦ st♦r❡ ❛♥❞
r❡❝❛❧❧ t❤❡ r❡s✉❧ts ♦❢ t❤❡ ♥♦❞❡s ✇❡ ❤❛✈❡ ❛❧r❡❛❞② ❝♦♠♣✉t❡❞ ❛♥❞ ❜✐♥ ♣❛❝❦✐♥❣ ♣r♦❜❧❡♠s ✇❤✐❝❤ ❤❛✈❡ ❛❧r❡❛❞② ❜❡❡♥
♥♦♥✲tr✐✈✐❛❧❧② s♦❧✈❡❞✳ ❍♦✇❡✈❡r✱ ❜❡❝❛✉s❡ ♦❢ t❤❡ ♣r✉♥✐♥❣✱ ✇❡ ❤❛✈❡ t♦ st♦r❡ t❤❡ ✈❛❧✉❡s ♦❢ α ❛♥❞ β ❛s ✇❡❧❧ ❛s t❤❡
❡✈❛❧✉❛t✐♦♥ ♦❢ t❤❡ ♥♦❞❡ t♦ ❜❡ ❛❜❧❡ t♦ ❞❡t❡r♠✐♥❡ ✇❤❡t❤❡r t❤❡ ♥♦❞❡ ✈❛❧✉❡ s❤❛❧❧ ❜❡ r❡❝♦♠♣✉t❡❞ ♦r ♥♦t ✇❤❡♥ ✐t
✐s r❡❝❛❧❧❡❞✳

❲❡ ❛♣♣❧② ❛♥ ❛❧♣❤❛✲❜❡t❛ ♣r✉♥✐♥❣ t♦ t❤❡ ♠✐♥✐♠❛① ❛❧❣♦r✐t❤♠✳ ❚❤❡ ✐❞❡❛ ✐s t♦ ♠❛✐♥t❛✐♥ ❛ ❧♦✇❡r ❜♦✉♥❞ α ❛♥❞
❛♥ ✉♣♣❡r ❜♦✉♥❞ β ♦♥ t❤❡ str❡t❝❤✐♥❣ ❢❛❝t♦r✳ ❚❤❡ ♣r✉♥✐♥❣ ✇♦r❦s ❛s ❢♦❧❧♦✇s✿ ♦♥ ❛ ♠❛①✐♠✐③❡r ♥♦❞❡✱ ♦♥❝❡ ✐t ✐s
❦♥♦✇♥ t❤❛t t❤❡ s♦❧✉t✐♦♥ ♦❢ t❤✐s ♥♦❞❡ ✇✐❧❧ ❜❡ ❜❡tt❡r t❤❛♥ t❤❡ s♦❧✉t✐♦♥ ♦❢ ❛♥♦t❤❡r ♥♦❞❡ ❤❛✈✐♥❣ t❤❡ s❛♠❡ ♣❛r❡♥t
✭t❤✐s ♣❛r❡♥t ✐s ❛ ♠✐♥✐♠✐③❡r✮✱ ✐t ✐s ♥♦t ♥❡❝❡ss❛r② t♦ ❡①♣❧♦r❡ ❛♥② ♦t❤❡r ❝❤♦✐❝❡✳ ❆♥❞ s✐♠✐❧❛r❧② ❢♦r ♠✐♥✐♠✐③❡r
♥♦❞❡s✳

❙✐♥❝❡ t❤❡ ❛❞✈❡rs❛r② ✐s ❝♦♠♣✉t✐♥❣ ❛ s♦❧✉t✐♦♥ ❛❣❛✐♥st ❛❧❧ ❛❧❣♦r✐t❤♠s✱ ✇❡ ❝❛♥ ❝♦♥s✐❞❡r s❡✈❡r❛❧ ♣❛rt✐❝✉❧❛r
❛❧❣♦r✐t❤♠s✳ ❊s♣❡❝✐❛❧❧②✱ ✇❡ ❝❛♥ ❝♦♥s✐❞❡r t❤❡ ❛❧❣♦r✐t❤♠ ♣❛❝❦✐♥❣ ❛❧❧ r❡♠❛✐♥✐♥❣ ✐t❡♠s ✐♥t♦ t❤❡ ❝✉rr❡♥t❧② s♠❛❧❧❡st
❜✐♥✳ ❲❡ ❞♦ ♥♦t ❦♥♦✇ t❤❡ r❡♠❛✐♥✐♥❣ ✐t❡♠s✱ ❜✉t ✇❡ ❦♥♦✇ t❤❛t t❤❡ s✉♠ ♦❢ t❤❡✐r ✇❡✐❣❤ts ❝❛♥♥♦t ❡①❝❡❡❞
mC −

∑j

k=1
wk✳ ▲❡t Bi ❜❡ t❤❡ s♠❛❧❧❡st ❜✐♥✱ ✐❢ w(Bi) + mC −

∑j

k=1
wk ≤ α t❤❡♥ ✇❡ ❝❛♥ ✐♠♠❡❞✐❛t❡❧②

♣r♦❝❡❡❞ t♦ ❛ β ❝✉t✲♦✛✳
❆❞❞✐t✐♦♥❛❧❧②✱ ✇❡ ❛r❡ ❛✐♠✐♥❣ ❛t str✐❝t❧② ✐♠♣r♦✈✐♥❣ ❦♥♦✇♥ ❧♦✇❡r ❜♦✉♥❞s ❛♥❞ ✇❡ ❦♥♦✇ t❤❛t s♦♠❡ ❝♦♠♣❡t✐t✐✈❡

r❛t✐♦ ❝❛♥ ❜❡ ❛❝❤✐❡✈❡❞ ❜② s♦♠❡ ❞❡t❡r♠✐♥✐st✐❝ ❛❧❣♦r✐t❤♠s✳ ❙♦✱ ✇❡ st❛rt t❤❡ ❡①♣❧♦r❛t✐♦♥ ✇✐t❤ ❛ ❧♦✇❡r ❜♦✉♥❞
✇❤✐❝❤ ✐s ❡q✉❛❧ t♦ t❤❡ ❜❡st ❦♥♦✇♥ ❧♦✇❡r ❜♦✉♥❞ ✭α = ⌊Cc̃⌋✱ ✇❤❡r❡ c̃ ✐s t❤❡ ❜❡st ❦♥♦✇♥ ❧♦✇❡r ❜♦✉♥❞ ♦♥ c∗✮
❛♥❞ ❛♥ ✉♣♣❡r ❜♦✉♥❞ ✇❤✐❝❤ ✐s ❡q✉❛❧ t♦ t❤❡ ❝♦♠♣❡t✐t✐✈❡ r❛t✐♦ ♦❢ t❤❡ ❜❡st ❛❧❣♦r✐t❤♠ ✭β = 26C/17✮✳

❋♦r ♠♦st ✈❛❧✉❡s✱ t❤❡ ❧♦✇❡r ❜♦✉♥❞ ✇✐❧❧ ♥♦t ❜❡ ✐♥❝r❡❛s❡❞✱ s♦ ✇❡ ✐♠♣r♦✈❡ t❤✐s ❛♣♣r♦❛❝❤ ❜② ❞✐✈✐❞✐♥❣ ✐t ✐♥t♦
t✇♦ st❡♣s✿ ✐♥ t❤❡ ✜rst st❡♣✱ ✇❡ ❞❡t❡r♠✐♥❡ ✇❤❡t❤❡r ♦r ♥♦t t❤❡ ❧♦✇❡r ❜♦✉♥❞ ❝❛♥ ❜❡ ✐♠♣r♦✈❡❞✳ ■❢ s♦✱ ✐♥ ❛ s❡❝♦♥❞
st❡♣✱ ✇❡ ❞❡t❡r♠✐♥❡ t❤❡ ♥❡✇ ❜❡st ❧♦✇❡r ❜♦✉♥❞✳ ❖t❤❡r✇✐s❡✱ ✇❡ ❣♦ ♦♥ t♦ t❤❡ ♥❡①t ✈❛❧✉❡✳ ❚❤✉s✱ ✇❡ st❛rt ✇✐t❤
α = ⌊Cc̃⌋ ❛♥❞ β = ⌊Cc̃⌋ + 1 ❀ s✉❝❤ ❝❧♦s❡ ✈❛❧✉❡s ❛❧❧♦✇ ✈❡r② ❡❛r❧② ❝✉t✲♦✛s✳ ❲❤❡♥ t❤❡ ❛❧❣♦r✐t❤♠ ✐s ♦✈❡r✱ t❤❡
✈❛❧✉❡ ✐s ❡✐t❤❡r α ♦r β✳ ■♥ t❤❡ ✜rst ❝❛s❡✱ t❤❡ ❧♦✇❡r ❜♦✉♥❞ ❝❛♥♥♦t ❜❡ ✐♠♣r♦✈❡❞ ❢♦r ❝✉rr❡♥t ✈❛❧✉❡s ♦❢ m ❛♥❞ C✳

■t ✐s ♦✈❡r✱ ✇❡ ❝❛♥ tr② ❛ ♥❡✇ s❡t ♦❢ ♣❛r❛♠❡t❡rs m,C✳ ■♥ t❤❡ ❧❛tt❡r ❝❛s❡✱ ✇❡ ❦♥♦✇ t❤❛t ⌊Cc̃⌋+1

C
✐s ❛ ♥❡✇✱ str✐❝t❧②

❧❛r❣❡r ❧♦✇❡r ❜♦✉♥❞✳ ❲❡ r❡✲r✉♥ t❤❡ ❛❧❣♦r✐t❤♠ ✇✐t❤ β = 26C/17 t♦ s❡❡ ✐❢ ✇❡ ❝❛♥ ❢✉rt❤❡r ✐♠♣r♦✈❡ t❤✐s ♥❡✇
❧♦✇❡r ❜♦✉♥❞✳

✸✳✸✳ ❘❡s✉❧ts

❲❡ ✐♠♣❧❡♠❡♥t❡❞ t❤❡ ❛❧❣♦r✐t❤♠ ✐♥ P②t❤♦♥ ❛♥❞ ✉s❡❞ ❈❤♦❝♦ ❬✶✻❪ ❛s ❛ ❝♦♥str❛✐♥t ♣r♦❣r❛♠♠✐♥❣ s♦❧✈❡r✳ ❚❤❡
s♦✉r❝❡ ❝♦❞❡ ✐s ❛✈❛✐❧❛❜❧❡ ♦♥❧✐♥❡✶✳

❘✉♥♥✐♥❣ t❤❡ ♣r♦❣r❛♠ ✇✐t❤ ♣❛r❛♠❡t❡rs m = 3 ❛♥❞ C = 14✱ ✇❡ ♦❜t❛✐♥ t❤❡ ❧♦✇❡r ❜♦✉♥❞ 19/14 ≈ 1.357✳
❲❡ ❜❛❝❦tr❛❝❦❡❞ t❤❡ r❡s✉❧ts ❛♥❞ ✈❡r✐✜❡❞ t❤❡♠ ♠❛♥✉❛❧❧②✳ ❚❤❡ ♣r♦♦❢ ✐s ♣r♦✈✐❞❡❞ ✐♥ ❆♣♣❡♥❞✐① ❆✳

❲❡ ✉s❡❞ P②P② ✐♥t❡r♣r❡t❡r ♦♥ ❛ ❝♦♠♣✉t❡r r✉♥♥✐♥❣ ▲✐♥✉① ❛♥❞ ❡q✉✐♣♣❡❞ ✇✐t❤ ❛♥ ■♥t❡❧ ❈♦r❡ ✐✼✲✷✻✵✵❑
Pr♦❝❡ss♦r ✭❝❧♦❝❦ s♣❡❡❞ ✸✳✹✵●❍③✮ ❛♥❞ ✹●❇ ♦❢ ❘❆▼ t♦ ❝♦♠♣✉t❡ ❧♦✇❡r ❜♦✉♥❞s ✇✐t❤ ♦✉r ❛❧❣♦r✐t❤♠✳ ❙♦♠❡
❡①♣❡r✐♠❡♥t❛❧ r❡s✉❧ts ❛r❡ ♣r❡s❡♥t❡❞ ❚❛❜❧❡ ✷✳ ❯s✐♥❣ ♦✉r ❛♣♣r♦❛❝❤✱ ✇❡ ✇❡r❡ ❛❜❧❡ t♦ ❝♦♠♣✉t❡ t❤❡ r❡s✉❧ts ❢♦r
m = 3 ❛♥❞ C ✉♣ t♦ ✷✵✱ ❛♥❞ m = 4 ❛♥❞ C ✉♣ t♦ ✶✷✳ ❯s✐♥❣ t❤❡ t✇♦✲st❡♣ ❛♣♣r♦❛❝❤✱ ✇❡ ✇❡r❡ ❛❜❧❡ t♦ ♣r♦✈❡
t❤❛t ♥❡✐t❤❡r m = 3✱ C = 21✱ ♥♦r m = 4✱ C = 13 ❛❧❧♦✇ t♦ ✐♥❝r❡❛s❡ t❤❡ ❧♦✇❡r ❜♦✉♥❞✳ ❲✐t❤ ❧❛r❣❡r ✈❛❧✉❡s ♦❢
m✱ ✇❡ ❛r❡ ♦♥❧② ❛❜❧❡ t♦ ❝♦♠♣✉t❡ r❡s✉❧ts ✇✐t❤ s♠❛❧❧ C ❛♥❞ ✇❡ ❞♦ ♥♦t ❣❡t ✐♠♣r♦✈❡❞ ❧♦✇❡r ❜♦✉♥❞s✳ ❋♦r ❧❛r❣❡r
✈❛❧✉❡s ♦❢ C✱ t❤❡ ♥✉♠❜❡r ♦❢ ♥♦❞❡s ✐s t♦♦ ❧❛r❣❡ ❛♥❞ ✇❡ ❛r❡ ❢❛❝✐♥❣ t✐♠❡ ❛♥❞ ♠❡♠♦r② ✐ss✉❡s✳ ❲❡ ❞✐❞ ♥♦t ♣✉t
♠✉❝❤ ❡✛♦rt ✐♥t♦ ♦♣t✐♠✐③✐♥❣ t❤❡ ❝♦❞❡ s✐♥❝❡ ✇❡ ❛r❡ ❧✐♠✐t❡❞ ❜② t❤❡ ❝♦♠❜✐♥❛t♦r✐❛❧ ❡①♣❧♦s✐♦♥ r❛t❤❡r t❤❛♥ ❛♥②
❛❧❣♦r✐t❤♠✐❝ ❢❛❝t♦r✳

❚❤❡ r❡s✉❧ts ♣r❡s❡♥t❡❞ ❚❛❜❧❡ ✷ ✭❡①❝❡♣t t❤❡ ❧❛st ❝♦❧✉♠♥✮ ❝♦♥❝❡r♥ t❤❡ s✐♥❣❧❡ st❡♣ ❛♣♣r♦❛❝❤✱ ✇✐t❤ ♣r✉♥✐♥❣
♣❛r❛♠❡t❡rs ✐♥✐t✐❛❧✐③❡❞ t♦ α = ⌊4C/3⌋ ❛♥❞ β = 26C/17✳ ❚❤❡ ❧❛st ❝♦❧✉♠♥ ❣✐✈❡s t❤❡ ♥✉♠❜❡r ♦❢ ♥♦❞❡s ✐♥ t❤❡
✜rst st❛❣❡ ♦❢ t❤❡ t✇♦✲st❡♣s ❛♣♣r♦❛❝❤✱ ✇✐t❤ α = ⌊Cc̃⌋ ❛♥❞ β = ⌊Cc̃⌋+ 1✳

❚❤❡ ❝♦❧✉♠♥ ★❝❛❧❧s ❝♦rr❡s♣♦♥❞s t♦ t❤❡ ♥✉♠❜❡r ♦❢ t✐♠❡s ❛♥ ✐t❡♠ ❢❡❛s✐❜✐❧✐t② ✇❛s ✈❡r✐✜❡❞✳ ❚❤❡ ❝♦❧✉♠♥
★❡①❛❝t ✐s t❤❡ ♥✉♠❜❡r ♦❢ ❝❛❧❧s t♦ t❤❡ ❡①❛❝t ♠❡t❤♦❞ ✭t❤❛t ✐s ✇❤❡♥ t❤❡ ✐t❡♠ ✇❛s ♥♦t ♣r♦✈❡♥ t♦ ❜❡ ❢❡❛s✐❜❧❡ ♦r

✶❤tt♣s✿✴✴❣✐t❤✉❜✳❝♦♠✴♠❣❛❜❛②✴❇✐♥✲❙tr❡t❝❤✐♥❣✲▲♦✇❡r✲❇♦✉♥❞s

✺



✐♥❢❡❛s✐❜❧❡ ❜② ❛ ❤❡✉r✐st✐❝ ♦r ❛ ❧♦✇❡r ❜♦✉♥❞✮✳ ❚❤❡ ❝♦♠❜✐♥❛t♦r✐❛❧ ❡①♣❧♦s✐♦♥ ✐s ✈❡r② ✇❡❧❧ ✐❧❧✉str❛t❡❞ ✐♥ ❝♦❧✉♠♥
★♥♦❞❡s ✇❤❡r❡ ✇❡ ❝❛♥ s❡❡ t❤❛t ❡✈❡♥ ✇✐t❤ ♠❛♥② ❡✣❝✐❡♥t ❝✉ts✱ ✇❡ ❝❛♥♥♦t t❛❝❦❧❡ ♠✉❝❤ ❧❛r❣❡r ♣r♦❜❧❡♠s✳ ❚❛❜❧❡ ✷
❛❧s♦ s❤♦✇s t❤❛t t❤❡ t✐♠❡ s♣❡♥t ✈❡r✐❢②✐♥❣ ✐t❡♠s ❢❡❛s✐❜✐❧✐t② ✐s ♥❡❣❧✐❣✐❜❧❡ ❝♦♠♣❛r❡❞ t♦ t❤❡ ✇❤♦❧❡ t✐♠❡ s♣❡♥t✳
❚✐♠❡ s♣❡♥t ✐s ❛♣♣r♦①✐♠❛t❡❧② ❧✐♥❡❛r ✐♥ t❤❡ ♥✉♠❜❡r ♦❢ ♥♦❞❡s✱ ❡①❝❡♣t ❢♦r t❤❡ ❧❛r❣❡st ✐♥st❛♥❝❡s ✭≈ 2×107 ♥♦❞❡s✮
s✐♥❝❡ t❤❡ ❝♦♠♣✉t❡r ✐s ♦✉t ♦❢ ♠❡♠♦r② ❛♥❞ s✇❛♣s✱ ♠❛❦✐♥❣ t❤❡ ❛❧❣♦r✐t❤♠s ✈❡r② ✐♥❡✣❝✐❡♥t✳

m C c ❢❡❛s✐❜✐❧✐t② ❝❤❡❝❦ ♦✈❡r❛❧❧ ✜rst st❡♣

#calls #exact time #nodes time #nodes
✸ ✶✵ ✖ ✹✱✻✽✼ ✸✼ ✵✳✹ ✹✾✱✵✺✺ ✶✳✹ ✹✶✱✼✺✸

✶✶ ✖ ✶✹✱✽✵✷ ✶✹✶ ✶✳✷ ✶✻✽✱✸✽✵ ✸✳✹ ✶✹✶✱✶✼✻
✶✷ ✖ ✾✱✶✷✺ ✻✸ ✵✳✺ ✶✶✽✱✾✷✺ ✷✳✷ ✾✽✱✶✽✻
✶✸ ✖ ✸✷✱✺✸✽ ✷✵✾ ✶✳✶ ✹✺✽✱✶✽✸ ✺✳✽ ✸✽✹✱✵✺✷
14

⋆
19/14 ✽✷✱✽✻✽ ✻✹✹ ✷✳✷ ✶✱✷✹✵✱✻✶✾ ✶✹✳✵ ✷✽✻✱✽✹✺

✶✺ ✖ ✺✺✱✾✷✾ ✸✹✹ ✶✳✷ ✽✾✵✱✷✾✶ ✶✵✳✶ ✼✵✷✱✹✹✾
✶✻ ✖ ✶✾✻✱✽✸✺ ✶✶✹✷ ✸✳✸ ✸✱✸✽✹✱✶✹✹ ✸✺✳✺ ✷✱✾✵✶✱✹✽✸
17 23/17 ✷✵✼✱✶✸✸ ✶✱✽✵✹ ✹✳✵ ✸✱✼✷✽✱✸✽✻ ✹✵✳✽ ✶✱✻✷✵✱✹✻✽
✶✽ ✖ ✸✵✸✱✼✷✺ ✶✱✻✹✻ ✹✳✸ ✺✱✻✾✷✱✸✽✸ ✺✼✳✷ ✹✱✻✺✷✱✹✷✼
✶✾ ✖ ✶✱✵✹✺✱✻✾✷ ✹✱✾✺✽ ✷✶✳✵ ✷✶✱✷✻✷✱✷✹✻ ✶✷✷✺✳✶ ✶✽✱✻✺✸✱✽✼✵
20 27/20 ✾✼✼✱✾✾✷ ✻✱✶✾✶ ✷✶✳✾ ✷✵✱✷✽✸✱✵✼✵ ✶✵✹✻✳✼ ✶✶✱✹✹✻✱✷✸✷

✹ ✼ ✖ ✻✱✻✷✷ ✺✵ ✵✳✹ ✺✵✱✻✹✷ ✶✳✻ ✸✾✱✾✹✻
✽ ✖ ✷✽✱✵✾✾ ✶✽✷ ✶✳✶ ✷✺✹✱✸✹✹ ✹✳✺ ✶✾✸✱✹✼✹
✾ ✖ ✸✵✱✾✾✶ ✾✽ ✵✳✽ ✸✸✶✱✶✶✷ ✹✳✽ ✷✻✻✱✾✷✻
✶✵ ✖ ✶✷✼✱✵✻✸ ✼✷✶ ✷✳✻ ✶✱✹✹✷✱✷✽✶ ✶✾✳✺ ✶✱✶✵✻✱✶✹✼
✶✶ ✖ ✺✵✸✱✺✻✵ ✸✶✶✹ ✼✳✺ ✻✱✸✻✺✱✽✷✷ ✽✶✳✼ ✺✱✶✾✺✱✻✶✽
✶✷ ✖ ✹✾✶✱✹✾✼ ✶✾✼✹ ✺✳✽ ✻✱✼✶✽✱✷✸✷ ✽✾✳✼ ✺✱✶✺✽✱✽✵✺
✶✸ ✖ ✶✱✺✹✵✱✵✵✵ >✽✵✵✵ >✹✶✳✻ >✷✷✱✾✵✵✱✵✵✵ >✸✻✵✵ ✶✾✱✾✺✻✱✸✸✾

❋✐❣✉r❡ ✷✿ ◆✉♠❡r✐❝❛❧ r❡s✉❧ts ♦♥ s♦♠❡ ✐♥♣✉ts✳ ❈♦❧✉♠♥ ✸✱ c ✐s t❤❡ ❜❡st ❧♦✇❡r ❜♦✉♥❞ ♦♥ t❤❡ ❝♦♠♣❡t✐t✐✈❡ r❛t✐♦
♦❜t❛✐♥❡❞ ❢♦r t❤❡ ✐♥st❛♥❝❡✳ ✏✖✑ ♠❡❛♥s t❤❛t t❤❡ 4/3 ❧♦✇❡r ❜♦✉♥❞ ✇❛s ♥♦t ✐♠♣r♦✈❡❞✳

■♥ ♦r❞❡r t♦ ✐♠♣r♦✈❡ t❤✐s ❛❧❣♦r✐t❤♠✱ t❤❡ ✜rst st❡♣ ✇♦✉❧❞ ❜❡ t♦ r❡❞✉❝❡ ♠❡♠♦r② ✉s❛❣❡ ❜② r❡str❛✐♥✐♥❣ t❤❡
❛♠♦✉♥t ♦❢ ♠❡♠♦✐③❡❞ ❞❛t❛✳ ❚❤❡♥✱ ✇❡ ❝♦✉❧❞ ✉s❡ ❛ ❜r❡❛❞t❤✲✜rst s❡❛r❝❤ ❛♥❞ ❢♦r ❡❛❝❤ ❞❡♣t❤✱ ✉s❡ ❛ ❤❡✉r✐st✐❝
t♦ s❡❧❡❝t ❛ s❛♠♣❧❡ ♦❢ ❧❡❛st ♣r♦♠✐s✐♥❣ ♥♦❞❡s✳ ❊①♣❧♦r✐♥❣ t❤❡s❡ ♥♦❞❡s ✐♥ ❞❡♣t❤✱ ✇✐❧❧ ❛❧❧♦✇ s♦♠❡ ❡❛r❧② ❝✉t✲♦✛s✳
❆♥♦t❤❡r ❛♣♣r♦❛❝❤ ✐s t♦ s❡t C = 1 ❛♥❞ s❡❧❡❝t r❛♥❞♦♠ ✇❡✐❣❤ts ✐♥ ]0; 1]✳ ❚❤❡♥✱ ✇❡ ❝❛♥ r✉♥ t❤❡ ❛❧❣♦r✐t❤♠ ♦♥
♠❛♥② r❛♥❞♦♠ s❛♠♣❧❡s ♦❢ ✐t❡♠s✱ ❤♦♣❡❢✉❧❧② r❡s✉❧t✐♥❣ ✐♥ ❛♥ ✐♠♣r♦✈❡❞ ❧♦✇❡r ❜♦✉♥❞✳ ❲❡ r❛♥ s♦♠❡ t❡sts ✉s✐♥❣
t❤✐s ❛♣♣r♦❛❝❤ ❜✉t ❞✐❞ ♥♦t ♦❜t❛✐♥ ❛♥② ✐♠♣r♦✈❡❞ ❧♦✇❡r ❜♦✉♥❞✳

✹✳ ▲♦✇❡r ❇♦✉♥❞ ♦♥ r❛♥❞♦♠✐③❡❞ ❛❧❣♦r✐t❤♠s

❲❡ ❛r❡ ♥♦✇ ✐♥t❡r❡st❡❞ ✐♥ r❛♥❞♦♠✐③❡❞ ❛❧❣♦r✐t❤♠s ❢♦r t❤✐s ♣r♦❜❧❡♠✳ ❆ r❛♥❞♦♠✐③❡❞ ❛❧❣♦r✐t❤♠ ❝❛♥ t❛❦❡ ✐ts
❞❡❝✐s✐♦♥s ❛t r❛♥❞♦♠✱ ❛❝❝♦r❞✐♥❣ t♦ s♦♠❡ ♣r♦❜❛❜✐❧✐t② ❞✐str✐❜✉t✐♦♥s✳ ❲❤✐❧❡ t❤❡ ♣r❡✈✐♦✉s ✇♦rst ❝❛s❡ ❛♥❛❧②s✐s
❤♦❧❞s✱ ✇❤❡♥ ❞❡s✐❣♥✐♥❣ ❛ r❛♥❞♦♠ ❛❧❣♦r✐t❤♠✱ t❤❡ ❛✐♠ ✐s t♦ ♠✐♥✐♠✐③❡ t❤❡ ❡①♣❡❝t❡❞ ❝♦♠♣❡t✐t✐✈❡ r❛t✐♦ r❛t❤❡r
t❤❛♥ t❤❡ ✇♦rst ❝❛s❡ ❝♦♠♣❡t✐t✐✈❡ r❛t✐♦✳ ■♥ t❤❡ ❢♦❧❧♦✇✐♥❣✱ ✇❡ ♣r♦✈❡ ❛ ❧♦✇❡r ❜♦✉♥❞ ♦♥ t❤❡ ❡①♣❡❝t❡❞ ❝♦♠♣❡t✐t✐✈❡
r❛t✐♦ ❢♦r ❛♥② r❛♥❞♦♠✐③❡❞ ❛❧❣♦r✐t❤♠ ❢♦r t❤✐s ♣r♦❜❧❡♠✳

❚❤❡♦r❡♠ ✶✳ ❆♥② r❛♥❞♦♠✐③❡❞ ❛❧❣♦r✐t❤♠ ❢♦r t❤❡ s❡♠✐✲♦♥❧✐♥❡ ❜✐♥ str❡t❝❤✐♥❣ ♣r♦❜❧❡♠✱ ❤❛s ❛♥ ❡①♣❡❝t❡❞ ❝♦♠✲

♣❡t✐t✐✈❡ r❛t✐♦ ♦❢ ❛t ❧❡❛st 7/6✱ ❢♦r ❛♥② ♥✉♠❜❡r ♦❢ ♠❛❝❤✐♥❡s m ≥ 2✳

Pr♦♦❢✳ ❲❡ ✉s❡ ❨❛♦✬s ♠✐♥✐♠❛① ♣r✐♥❝✐♣❧❡ ❛♥❞ ❝♦♥s✐❞❡r ❛ r❛♥❞♦♠✐③❡❞ ❛❞✈❡rs❛r② ❛❣❛✐♥st ❛ ❞❡t❡r♠✐♥✐st✐❝ ❛❧❣♦✲
r✐t❤♠✳ ❨❛♦✬s ♣r✐♥❝✐♣❧❡ st❛t❡s t❤❛t ❛ ❧♦✇❡r ❜♦✉♥❞ c̃ ❢♦r t❤❡ ❝♦♠♣❡t✐t✐✈❡ r❛t✐♦ ♦❢ ❞❡t❡r♠✐♥✐st✐❝ ❛❧❣♦r✐t❤♠s ♦♥
❛ ✜①❡❞ ❞✐str✐❜✉t✐♦♥ ♦✈❡r ✐♥♣✉ts ✐s ❛❧s♦ ❛ ❧♦✇❡r ❜♦✉♥❞ ❢♦r ❛♥② r❛♥❞♦♠✐③❡❞ ❛❧❣♦r✐t❤♠s✳

✻



▲❡t m ❜❡ t❤❡ ♥✉♠❜❡r ♦❢ ♠❛❝❤✐♥❡s✳ ❲❡ ❝♦♥s✐❞❡r t❤❡ ✐♥♣✉t ❢r♦♠ ❆③❛r ❛♥❞ ❘❡❣❡✈ ❬✸❪✱ ✇✐t❤ ❛♥ ❛❞❞✐t✐♦♥❛❧
❞✐str✐❜✉t✐♦♥ ♦❢ ♣r♦❜❛❜✐❧✐t✐❡s✿

• ✇✐t❤ ♣r♦❜❛❜✐❧✐t② p✱ t❤❡ ✐♥♣✉t ✐s m ✐t❡♠s ♦❢ ✇❡✐❣❤t 1/3✱ ❢♦❧❧♦✇❡❞ ❜② m ✐t❡♠ ♦❢ ✇❡✐❣❤t 2/3✳

• ✇✐t❤ ♣r♦❜❛❜✐❧✐t② 1− p✱ t❤❡ ✐♥♣✉t ✐s m ✐t❡♠s ♦❢ ✇❡✐❣❤t 1/3✱ ❢♦❧❧♦✇❡❞ ❜② ❛♥ ✐t❡♠ ♦❢ ✇❡✐❣❤t 1✳

❇♦t❤ ♦❢ t❤❡s❡ ✐♥♣✉ts ❛r❡ ♦❜✈✐♦✉s❧② ❢❡❛s✐❜❧❡✳
❆♥② ❞❡t❡r♠✐♥✐st✐❝ ❛❧❣♦r✐t❤♠ ❡✐t❤❡r ♣❛❝❦s t❤❡ m ✜rst ✐t❡♠s ✐♥ ❞✐✛❡r❡♥t ❜✐♥s ♦r ❛t ❧❡❛st t✇♦ ♦❢ t❤❡♠ ❛r❡ ✐♥

t❤❡ s❛♠❡ ❜✐♥✳ ■♥ t❤❡ ✜rst ❝❛s❡✱ t❤❡ ✜rst ✐♥♣✉t ②✐❡❧❞s s♦❧✉t✐♦♥s ✇✐t❤ ✈❛❧✉❡ ❛t ❧❡❛st ✶✱ ✇❤✐❧❡ t❤❡ s❡❝♦♥❞ ✐♥♣✉t
②✐❡❧❞s s♦❧✉t✐♦♥s ✇✐t❤ ✈❛❧✉❡ ❛t ❧❡❛st 4/3✳ ❖t❤❡r✇✐s❡✱ t❤❡ ✜rst ✐♥♣✉t ②✐❡❧❞s s♦❧✉t✐♦♥s ✇✐t❤ ✈❛❧✉❡ ❛t ❧❡❛st 4/3✱
✇❤✐❧❡ t❤❡ s❡❝♦♥❞ ✐♥♣✉t ②✐❡❧❞s s♦❧✉t✐♦♥s ✇✐t❤ ✈❛❧✉❡ ❛t ❧❡❛st 1✳

❍❡♥❝❡✱ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ ❛♥② ❞❡t❡r♠✐♥✐st✐❝ ❛❧❣♦r✐t❤♠ ♣❛❝❦✐♥❣ t❤❡ m ✜rst ✐t❡♠s ✐♥ ❞✐✛❡r❡♥t ❜✐♥s ✐s
❛t ❧❡❛st p × 1 + (1 − p) × 4/3✱ ✇❤✐❧❡ t❤❡ ♦t❤❡r ❞❡t❡r♠✐♥✐st✐❝ ❛❧❣♦r✐t❤♠s ②✐❡❧❞ s♦❧✉t✐♦♥s ✇✐t❤ ✈❛❧✉❡ ❛t ❧❡❛st
p×4/3+(1−p)×1✳ ❚❤❡ ♠✐♥ ♦❢ ❜♦t❤ ♦❢ t❤❡s❡ ✈❛❧✉❡s ✐s ♠❛①✐♠✐③❡❞ ❢♦r p = 1/2✳ ■♥ s✉❝❤ ❝❛s❡✱ t❤❡ ♣❡r❢♦r♠❛♥❝❡
♦❢ ❛♥② ❞❡t❡r♠✐♥✐st✐❝ ❛❧❣♦r✐t❤♠ ✐s ❛t ❧❡❛st 7/6 ♦♥ t❤✐s ✐♥♣✉t✳

❍❡♥❝❡✱ ❜② ❨❛♦✬s ♣r✐♥❝✐♣❧❡✱ 7/6 ✐s ❛ ❧♦✇❡r ❜♦✉♥❞ ♦♥ t❤❡ ❝♦♠♣❡t✐t✐✈❡ r❛t✐♦ ♦❢ ❛♥② r❛♥❞♦♠✐③❡❞ ❛❧❣♦r✐t❤♠
❢♦r t❤❡ s❡♠✐✲♦♥❧✐♥❡ ❜✐♥ str❡t❝❤✐♥❣ ♣r♦❜❧❡♠✳

✺✳ ❈♦♥❝❧✉s✐♦♥

❲❡ ✐♠♣r♦✈❡❞ t❤❡ ❜❡st ❦♥♦✇♥ ❧♦✇❡r ❜♦✉♥❞ ❢♦r t❤❡ ❜✐♥ str❡t❝❤✐♥❣ ♣r♦❜❧❡♠ ❛♥❞ ♣r♦♣♦s❡❞ ❛ ✜rst ❧♦✇❡r
❜♦✉♥❞ ❢♦r t❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ r❛♥❞♦♠✐③❡❞ ❛❧❣♦r✐t❤♠s ♦♥ t❤✐s ♣r♦❜❧❡♠✳ ❚❤❡ 19/14 ❧♦✇❡r ❜♦✉♥❞ ❤❛s ❜❡❡♥
♣r♦✈❡♥ ❢♦r m = 3 ♦♥❧②✱ s♦ ✐t ✐s st✐❧❧ ♦♣❡♥ t♦ ❦♥♦✇ ✇❤❡t❤❡r ♦r ♥♦t 19/14 ✐s ❛ ❧♦✇❡r ❜♦✉♥❞ ❢♦r m ≥ 4✳ ❚❤❡ 7/6
❧♦✇❡r ❜♦✉♥❞ ❢♦r r❛♥❞♦♠✐③❡❞ ❛❧❣♦r✐t❤♠s ✐s ✈❛❧✐❞ ❢♦r ❛❧❧ m ≥ 2✳

❲❡ r❡♣r❡s❡♥t❡❞ t❤❡ ♣r♦❜❧❡♠ ❛s ❛ ❣❛♠❡ ❛♥❞ ✉s❡❞ ❛♥ ❛✉t♦♠❛t❡❞ s❡❛r❝❤ t♦ ✜♥❞ ❧♦✇❡r ❜♦✉♥❞s✳ ❚❤✐s
❛♣♣r♦❛❝❤ ❞✐✛❡rs ❢r♦♠ tr❛❞✐t✐♦♥❛❧ ❛♣♣r♦❛❝❤❡s ✉s✐♥❣ ❧❛②❡r✐♥❣ t❡❝❤♥✐q✉❡s ❛♥❞ ❝❛♥ ❜❡ ❣❡♥❡r❛❧✐③❡❞ ❛♥❞ ❛♣♣❧✐❡❞
t♦ ♠❛♥② ♦t❤❡r ♣❛❝❦✐♥❣ ♦r s❝❤❡❞✉❧✐♥❣✱ ♦♥❧✐♥❡ ♦r s❡♠✐✲♦♥❧✐♥❡ ♣r♦❜❧❡♠s✳ ❈♦♠♣❛r❡❞ t♦ ❧❛②❡r✐♥❣ t❡❝❤♥✐q✉❡s✱ ❢♦r
♠✉❧t✐♣❧❡ ♠❛❝❤✐♥❡s ♣r♦❜❧❡♠✱ t❤❡r❡ ✐s ❤♦✇❡✈❡r ❛ tr❛❞❡✲♦✛ ♦♥ t❤❡ ❣❡♥❡r❛❧✐t② ♦❢ t❤❡ ❜♦✉♥❞✿ t❤❡ ❧♦✇❡r ❜♦✉♥❞
❝❛♥♥♦t ❡❛s✐❧② ❜❡ ❣❡♥❡r❛❧✐③❡❞ t♦ ❛♥② ♥✉♠❜❡r ♦❢ ♠❛❝❤✐♥❡s✳

❆❝❦♥♦✇❧❡❞❣♠❡♥ts

❚❤❡ r❡s❡❛r❝❤ ♦❢ t❤❡ ✜rst ❛♥❞ s❡❝♦♥❞ ❛✉t❤♦rs ❤❛s ❜❡❡♥ ♣❛rt✐❛❧❧② s✉♣♣♦rt❡❞ ❜② t❤❡ ▲❛❜❊① P❊❘❙❨❱❆▲✲▲❛❜
✭❆◆❘✕✶✶✲▲❆❇❳✲✵✵✷✺✮ ❛♥❞ ❜② ❇❘❋❋❘✲P■❈❙ ♣r♦❥❡❝t ✭P■❈❙ ✺✸✼✾✮✳ ❚❤❡ r❡s❡❛r❝❤ ♦❢ t❤❡ t❤✐r❞ ❛✉t❤♦r ❤❛s
❜❡❡♥ ♣❛rt✐❛❧❧② s✉♣♣♦rt❡❞ ❜② ♣r♦❥❡❝t ■❈❙ ◆♦ ✺✸✼✾ ❛♥❞ ❇❡❧❛r✉s✐❛♥ ❇❘❋❋■ ❣r❛♥t ✭Pr♦❥❡❝t ❋✶✸❑✲✵✼✽✮✳

❘❡❢❡r❡♥❝❡s

❬✶❪ ❆✳ ❇♦r♦❞✐♥✱ ❘✳ ❊❧✲❨❛♥✐✈✱ ❖♥❧✐♥❡ ❝♦♠♣✉t❛t✐♦♥ ❛♥❞ ❝♦♠♣❡t✐t✐✈❡ ❛♥❛❧②s✐s✱ ✈♦❧✳ ✺✸✱ ❈❛♠❜r✐❞❣❡ ❯♥✐✈❡rs✐t② Pr❡ss✱ ✶✾✾✽✳
❬✷❪ ❑✳ Pr✉❤s✱ ❏✳ ❙❣❛❧❧✱ ❊✳ ❚♦r♥❣✱ ❖♥❧✐♥❡ s❝❤❡❞✉❧✐♥❣✱ ✐♥✿ ❏✳ ❨✳ ▲❡✉♥❣ ✭❊❞✳✮✱ ❍❛♥❞❜♦♦❦ ♦❢ s❝❤❡❞✉❧✐♥❣✿ ❛❧❣♦r✐t❤♠s✱ ♠♦❞❡❧s✱ ❛♥❞

♣❡r❢♦r♠❛♥❝❡ ❛♥❛❧②s✐s✱ ❈❘❈ Pr❡ss✱ ✷✵✵✹✳
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❚❤❡ ❢♦❧❧♦✇✐♥❣ tr❡❡ ♣r♦✈❡s t❤❡ ✶✾✴✶✹ ❧♦✇❡r ❜♦✉♥❞ ❢♦r t❤❡ ❜✐♥ str❡t❝❤✐♥❣ ♣r♦❜❧❡♠✳ ❚❤✐s ❧♦✇❡r ❜♦✉♥❞ ✇❛s
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■♥ t❤❡ ♣r♦♦❢✱ ❛ s✐♥❣❧❡ ❞❡❝✐s✐♦♥ ♦❢ t❤❡ ❛❞✈❡rs❛r② ✐s ♣r♦✈✐❞❡❞ ❢♦r ❡❛❝❤ ❞❡❝✐s✐♦♥ ♦❢ t❤❡ ❛❧❣♦r✐t❤♠✳ ❲❡ ❞♦ ♥♦t
❡①♣❧♦r❡ ❜r❛♥❝❤❡s ✇❤❡r❡ t❤❡ ❛❧❣♦r✐t❤♠ ♣❛❝❦s t❤❡ ✐t❡♠ ✐♥ ❛ ❜✐♥✱ ♠❛❦✐♥❣ ✐t ❧❛r❣❡r t❤❛♥ ♦r ❡q✉❛❧ t♦ ✶✾✳ ❆s s♦♦♥
❛s t❤❡r❡ ❡①✐sts ❛ ❢❡❛s✐❜❧❡ ✐t❡♠ s✉❝❤ ❛s ❛❧❧ ❛❧❣♦r✐t❤♠s ❢❛✐❧✱ ✇❡ st♦♣ ❡①♣❧♦r✐♥❣ ❛s ✇❡❧❧✳ ❲❡ ❞❡♥♦t❡ t❤❡s❡ ❧❛tt❡r
♥♦❞❡s ❜② ✏❈✉t✿ ❲♠✐♥✰wj❃❂❯❇✑✳
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Name: Root
Next weight: 2

Next weight: 1
bins: [2, 0, 0]

Next weight: 3
bins: [3, 0, 0]

Next weight: 1
bins: [2, 1, 0]

Next weight: 6
bins: [6, 0, 0]

Next weight: 4
bins: [3, 3, 0]

Next weight: 11
bins: [12, 0, 0]

Next weight: 14
bins: [6, 6, 0]

Next weight: 11
bins: [12, 11, 0]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 14 >= UB
bins: [6, 6, 14]

Next weight: 3
bins: [7, 3, 0]

Next weight: 2
bins: [3, 3, 4]

Next weight: 10
bins: [10, 3, 0]

Next weight: 14
bins: [7, 6, 0]

Next weight: 4
bins: [7, 3, 3]

Next weight: 10
bins: [10, 13, 0]

Next weight: 10
bins: [10, 3, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 14 >= UB
bins: [7, 6, 14]

Next weight: 9
bins: [11, 3, 3]

Next weight: 13
bins: [7, 7, 3]

Next weight: 8
bins: [11, 12, 3]

cut: Wmin + 8 >= UB
bins: [11, 12, 11]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

Next weight: 2
bins: [3, 3, 6]

Next weight: 2
bins: [5, 3, 4]

Next weight: 4
bins: [3, 3, 8]

Next weight: 14
bins: [5, 3, 6]

Next weight: 8
bins: [3, 3, 12]

Next weight: 12
bins: [7, 3, 8]

Next weight: 8
bins: [11, 3, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

cut: Wmin + 14 >= UB
bins: [5, 17, 6]

Next weight: 4
bins: [7, 3, 4]

Next weight: 14
bins: [5, 3, 6]

Next weight: 14
bins: [5, 5, 4]

Next weight: 8
bins: [11, 3, 4]

Next weight: 12
bins: [7, 3, 8]

Next weight: 12
bins: [7, 7, 4]

Next weight: 8
bins: [11, 3, 12]

Next weight: 8
bins: [11, 11, 4]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

cut: Wmin + 14 >= UB
bins: [5, 17, 6]

cut: Wmin + 14 >= UB
bins: [5, 5, 18]

Next weight: 2
bins: [3, 1, 0]

Next weight: 5
bins: [2, 2, 0]

Next weight: 6
bins: [2, 1, 1]

Next weight: 6
bins: [5, 1, 0]

Next weight: 4
bins: [3, 3, 0]

Next weight: 4
bins: [3, 1, 2]

Next weight: 11
bins: [11, 1, 0]

Next weight: 14
bins: [5, 7, 0]

Next weight: 14
bins: [5, 1, 6]

Next weight: 11
bins: [11, 12, 0]

Next weight: 11
bins: [11, 1, 11]

cut: Wmin + 8 >= UB
bins: [11, 12, 11]

cut: Wmin + 8 >= UB
bins: [11, 12, 11]

cut: Wmin + 14 >= UB
bins: [5, 7, 14]

cut: Wmin + 14 >= UB
bins: [5, 15, 6]

Next weight: 3
bins: [7, 3, 0]

Next weight: 4
bins: [3, 3, 4]

Next weight: 10
bins: [10, 3, 0]

Next weight: 14
bins: [7, 6, 0]

Next weight: 5
bins: [7, 3, 3]

Next weight: 10
bins: [10, 13, 0]

Next weight: 10
bins: [10, 3, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 14 >= UB
bins: [7, 6, 14]

Next weight: 8
bins: [12, 3, 3]

Next weight: 12
bins: [7, 8, 3]

Next weight: 8
bins: [12, 11, 3]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 12 >= UB
bins: [7, 8, 15]

Next weight: 4
bins: [3, 3, 8]

Next weight: 4
bins: [7, 3, 4]

Next weight: 8
bins: [3, 3, 12]

Next weight: 12
bins: [7, 3, 8]

Next weight: 8
bins: [11, 3, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

Next weight: 8
bins: [11, 3, 4]

Next weight: 12
bins: [7, 3, 8]

Next weight: 12
bins: [7, 7, 4]

Next weight: 8
bins: [11, 3, 12]

Next weight: 8
bins: [11, 11, 4]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

Next weight: 5
bins: [7, 1, 2]

Next weight: 5
bins: [3, 1, 6]

Next weight: 2
bins: [3, 5, 2]

Next weight: 9
bins: [12, 1, 2]

Next weight: 14
bins: [7, 1, 7]

Next weight: 14
bins: [7, 6, 2]

Next weight: 10
bins: [12, 1, 11]

Next weight: 9
bins: [12, 10, 2]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 9 >= UB
bins: [12, 10, 11]

cut: Wmin + 13 >= UB
bins: [7, 15, 7]

cut: Wmin + 13 >= UB
bins: [7, 6, 16]

Next weight: 9
bins: [3, 1, 11]

Next weight: 14
bins: [8, 1, 6]

Next weight: 14
bins: [3, 6, 6]

Next weight: 10
bins: [12, 1, 11]

Next weight: 9
bins: [3, 10, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 9 >= UB
bins: [12, 10, 11]

cut: Wmin + 13 >= UB
bins: [8, 15, 6]

cut: Wmin + 13 >= UB
bins: [17, 6, 6]

Next weight: 4
bins: [3, 7, 2]

Next weight: 14
bins: [5, 5, 2]

Next weight: 2
bins: [3, 5, 4]

Next weight: 9
bins: [3, 11, 2]

Next weight: 14
bins: [7, 7, 2]

Next weight: 13
bins: [3, 7, 6]

Next weight: 9
bins: [12, 11, 2]

Next weight: 9
bins: [3, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

cut: Wmin + 13 >= UB
bins: [16, 7, 6]

cut: Wmin + 14 >= UB
bins: [5, 5, 16]

Next weight: 4
bins: [3, 7, 4]

Next weight: 14
bins: [3, 5, 6]

Next weight: 14
bins: [5, 5, 4]

Next weight: 8
bins: [3, 11, 4]

Next weight: 12
bins: [3, 7, 8]

Next weight: 12
bins: [7, 7, 4]

Next weight: 8
bins: [3, 11, 12]

Next weight: 8
bins: [11, 11, 4]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [15, 7, 8]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

cut: Wmin + 14 >= UB
bins: [17, 5, 6]

cut: Wmin + 14 >= UB
bins: [5, 5, 18]

Next weight: 3
bins: [7, 2, 0]

Next weight: 5
bins: [2, 2, 5]

Next weight: 11
bins: [10, 2, 0]

Next weight: 14
bins: [7, 5, 0]

Next weight: 4
bins: [7, 2, 3]

Next weight: 10
bins: [10, 13, 0]

Next weight: 10
bins: [10, 2, 11]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 9 >= UB
bins: [10, 12, 11]

cut: Wmin + 14 >= UB
bins: [7, 5, 14]

Next weight: 9
bins: [11, 2, 3]

Next weight: 14
bins: [7, 2, 7]

Next weight: 13
bins: [7, 6, 3]

Next weight: 9
bins: [11, 2, 12]

Next weight: 9
bins: [11, 11, 3]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 16, 7]

cut: Wmin + 13 >= UB
bins: [7, 6, 16]

Next weight: 10
bins: [2, 2, 10]

Next weight: 14
bins: [7, 2, 5]

Next weight: 9
bins: [12, 2, 10]

cut: Wmin + 9 >= UB
bins: [12, 11, 10]

cut: Wmin + 14 >= UB
bins: [7, 16, 5]

Next weight: 4
bins: [8, 1, 1]

Next weight: 4
bins: [2, 7, 1]

Next weight: 10
bins: [12, 1, 1]

Next weight: 14
bins: [8, 5, 1]

Next weight: 10
bins: [12, 11, 1]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 14 >= UB
bins: [8, 5, 15]

Next weight: 10
bins: [2, 11, 1]

Next weight: 14
bins: [6, 7, 1]

Next weight: 14
bins: [2, 7, 5]

Next weight: 10
bins: [12, 11, 1]

Next weight: 10
bins: [2, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 14 >= UB
bins: [6, 7, 15]

cut: Wmin + 14 >= UB
bins: [16, 7, 5]



Name: Root
Next weight: 2

Next weight: 1
bins: [2, 0, 0]

Next weight: 3
bins: [3, 0, 0]

Next weight: 1
bins: [2, 1, 0]

Next weight: 6
bins: [6, 0, 0]

Next weight: 4
bins: [3, 3, 0]

Next weight: 11
bins: [12, 0, 0]

Next weight: 14
bins: [6, 6, 0]

Next weight: 11
bins: [12, 11, 0]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 14 >= UB
bins: [6, 6, 14]

Next weight: 3
bins: [7, 3, 0]

Next weight: 2
bins: [3, 3, 4]

Next weight: 10
bins: [10, 3, 0]

Next weight: 14
bins: [7, 6, 0]

Next weight: 4
bins: [7, 3, 3]

Next weight: 10
bins: [10, 13, 0]

Next weight: 10
bins: [10, 3, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 14 >= UB
bins: [7, 6, 14]

Next weight: 9
bins: [11, 3, 3]

Next weight: 13
bins: [7, 7, 3]

Next weight: 8
bins: [11, 12, 3]

cut: Wmin + 8 >= UB
bins: [11, 12, 11]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

Next weight: 2
bins: [3, 3, 6]

Next weight: 2
bins: [5, 3, 4]

Next weight: 4
bins: [3, 3, 8]

Next weight: 14
bins: [5, 3, 6]

Next weight: 8
bins: [3, 3, 12]

Next weight: 12
bins: [7, 3, 8]

Next weight: 8
bins: [11, 3, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

cut: Wmin + 14 >= UB
bins: [5, 17, 6]

Next weight: 4
bins: [7, 3, 4]

Next weight: 14
bins: [5, 3, 6]

Next weight: 14
bins: [5, 5, 4]

Next weight: 8
bins: [11, 3, 4]

Next weight: 12
bins: [7, 3, 8]

Next weight: 12
bins: [7, 7, 4]

Next weight: 8
bins: [11, 3, 12]

Next weight: 8
bins: [11, 11, 4]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

cut: Wmin + 14 >= UB
bins: [5, 17, 6]

cut: Wmin + 14 >= UB
bins: [5, 5, 18]

Next weight: 2
bins: [3, 1, 0]

Next weight: 5
bins: [2, 2, 0]

Next weight: 6
bins: [2, 1, 1]

Next weight: 6
bins: [5, 1, 0]

Next weight: 4
bins: [3, 3, 0]

Next weight: 4
bins: [3, 1, 2]

Next weight: 11
bins: [11, 1, 0]

Next weight: 14
bins: [5, 7, 0]

Next weight: 14
bins: [5, 1, 6]

Next weight: 11
bins: [11, 12, 0]

Next weight: 11
bins: [11, 1, 11]

cut: Wmin + 8 >= UB
bins: [11, 12, 11]

cut: Wmin + 8 >= UB
bins: [11, 12, 11]

cut: Wmin + 14 >= UB
bins: [5, 7, 14]

cut: Wmin + 14 >= UB
bins: [5, 15, 6]

Next weight: 3
bins: [7, 3, 0]

Next weight: 4
bins: [3, 3, 4]

Next weight: 10
bins: [10, 3, 0]

Next weight: 14
bins: [7, 6, 0]

Next weight: 5
bins: [7, 3, 3]

Next weight: 10
bins: [10, 13, 0]

Next weight: 10
bins: [10, 3, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 14 >= UB
bins: [7, 6, 14]

Next weight: 8
bins: [12, 3, 3]

Next weight: 12
bins: [7, 8, 3]

Next weight: 8
bins: [12, 11, 3]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 12 >= UB
bins: [7, 8, 15]

Next weight: 4
bins: [3, 3, 8]

Next weight: 4
bins: [7, 3, 4]

Next weight: 8
bins: [3, 3, 12]

Next weight: 12
bins: [7, 3, 8]

Next weight: 8
bins: [11, 3, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

Next weight: 8
bins: [11, 3, 4]

Next weight: 12
bins: [7, 3, 8]

Next weight: 12
bins: [7, 7, 4]

Next weight: 8
bins: [11, 3, 12]

Next weight: 8
bins: [11, 11, 4]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

Next weight: 5
bins: [7, 1, 2]

Next weight: 5
bins: [3, 1, 6]

Next weight: 2
bins: [3, 5, 2]

Next weight: 9
bins: [12, 1, 2]

Next weight: 14
bins: [7, 1, 7]

Next weight: 14
bins: [7, 6, 2]

Next weight: 10
bins: [12, 1, 11]

Next weight: 9
bins: [12, 10, 2]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 9 >= UB
bins: [12, 10, 11]

cut: Wmin + 13 >= UB
bins: [7, 15, 7]

cut: Wmin + 13 >= UB
bins: [7, 6, 16]

Next weight: 9
bins: [3, 1, 11]

Next weight: 14
bins: [8, 1, 6]

Next weight: 14
bins: [3, 6, 6]

Next weight: 10
bins: [12, 1, 11]

Next weight: 9
bins: [3, 10, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 9 >= UB
bins: [12, 10, 11]

cut: Wmin + 13 >= UB
bins: [8, 15, 6]

cut: Wmin + 13 >= UB
bins: [17, 6, 6]

Next weight: 4
bins: [3, 7, 2]

Next weight: 14
bins: [5, 5, 2]

Next weight: 2
bins: [3, 5, 4]

Next weight: 9
bins: [3, 11, 2]

Next weight: 14
bins: [7, 7, 2]

Next weight: 13
bins: [3, 7, 6]

Next weight: 9
bins: [12, 11, 2]

Next weight: 9
bins: [3, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

cut: Wmin + 13 >= UB
bins: [16, 7, 6]

cut: Wmin + 14 >= UB
bins: [5, 5, 16]

Next weight: 4
bins: [3, 7, 4]

Next weight: 14
bins: [3, 5, 6]

Next weight: 14
bins: [5, 5, 4]

Next weight: 8
bins: [3, 11, 4]

Next weight: 12
bins: [3, 7, 8]

Next weight: 12
bins: [7, 7, 4]

Next weight: 8
bins: [3, 11, 12]

Next weight: 8
bins: [11, 11, 4]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [15, 7, 8]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

cut: Wmin + 14 >= UB
bins: [17, 5, 6]

cut: Wmin + 14 >= UB
bins: [5, 5, 18]

Next weight: 3
bins: [7, 2, 0]

Next weight: 5
bins: [2, 2, 5]

Next weight: 11
bins: [10, 2, 0]

Next weight: 14
bins: [7, 5, 0]

Next weight: 4
bins: [7, 2, 3]

Next weight: 10
bins: [10, 13, 0]

Next weight: 10
bins: [10, 2, 11]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 9 >= UB
bins: [10, 12, 11]

cut: Wmin + 14 >= UB
bins: [7, 5, 14]

Next weight: 9
bins: [11, 2, 3]

Next weight: 14
bins: [7, 2, 7]

Next weight: 13
bins: [7, 6, 3]

Next weight: 9
bins: [11, 2, 12]

Next weight: 9
bins: [11, 11, 3]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 16, 7]

cut: Wmin + 13 >= UB
bins: [7, 6, 16]

Next weight: 10
bins: [2, 2, 10]

Next weight: 14
bins: [7, 2, 5]

Next weight: 9
bins: [12, 2, 10]

cut: Wmin + 9 >= UB
bins: [12, 11, 10]

cut: Wmin + 14 >= UB
bins: [7, 16, 5]

Next weight: 4
bins: [8, 1, 1]

Next weight: 4
bins: [2, 7, 1]

Next weight: 10
bins: [12, 1, 1]

Next weight: 14
bins: [8, 5, 1]

Next weight: 10
bins: [12, 11, 1]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 14 >= UB
bins: [8, 5, 15]

Next weight: 10
bins: [2, 11, 1]

Next weight: 14
bins: [6, 7, 1]

Next weight: 14
bins: [2, 7, 5]

Next weight: 10
bins: [12, 11, 1]

Next weight: 10
bins: [2, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 14 >= UB
bins: [6, 7, 15]

cut: Wmin + 14 >= UB
bins: [16, 7, 5]



Name: Root
Next weight: 2

Next weight: 1
bins: [2, 0, 0]

Next weight: 3
bins: [3, 0, 0]

Next weight: 1
bins: [2, 1, 0]

Next weight: 6
bins: [6, 0, 0]

Next weight: 4
bins: [3, 3, 0]

Next weight: 11
bins: [12, 0, 0]

Next weight: 14
bins: [6, 6, 0]

Next weight: 11
bins: [12, 11, 0]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 14 >= UB
bins: [6, 6, 14]

Next weight: 3
bins: [7, 3, 0]

Next weight: 2
bins: [3, 3, 4]

Next weight: 10
bins: [10, 3, 0]

Next weight: 14
bins: [7, 6, 0]

Next weight: 4
bins: [7, 3, 3]

Next weight: 10
bins: [10, 13, 0]

Next weight: 10
bins: [10, 3, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 14 >= UB
bins: [7, 6, 14]

Next weight: 9
bins: [11, 3, 3]

Next weight: 13
bins: [7, 7, 3]

Next weight: 8
bins: [11, 12, 3]

cut: Wmin + 8 >= UB
bins: [11, 12, 11]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

Next weight: 2
bins: [3, 3, 6]

Next weight: 2
bins: [5, 3, 4]

Next weight: 4
bins: [3, 3, 8]

Next weight: 14
bins: [5, 3, 6]

Next weight: 8
bins: [3, 3, 12]

Next weight: 12
bins: [7, 3, 8]

Next weight: 8
bins: [11, 3, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

cut: Wmin + 14 >= UB
bins: [5, 17, 6]

Next weight: 4
bins: [7, 3, 4]

Next weight: 14
bins: [5, 3, 6]

Next weight: 14
bins: [5, 5, 4]

Next weight: 8
bins: [11, 3, 4]

Next weight: 12
bins: [7, 3, 8]

Next weight: 12
bins: [7, 7, 4]

Next weight: 8
bins: [11, 3, 12]

Next weight: 8
bins: [11, 11, 4]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

cut: Wmin + 14 >= UB
bins: [5, 17, 6]

cut: Wmin + 14 >= UB
bins: [5, 5, 18]

Next weight: 2
bins: [3, 1, 0]

Next weight: 5
bins: [2, 2, 0]

Next weight: 6
bins: [2, 1, 1]

Next weight: 6
bins: [5, 1, 0]

Next weight: 4
bins: [3, 3, 0]

Next weight: 4
bins: [3, 1, 2]

Next weight: 11
bins: [11, 1, 0]

Next weight: 14
bins: [5, 7, 0]

Next weight: 14
bins: [5, 1, 6]

Next weight: 11
bins: [11, 12, 0]

Next weight: 11
bins: [11, 1, 11]

cut: Wmin + 8 >= UB
bins: [11, 12, 11]

cut: Wmin + 8 >= UB
bins: [11, 12, 11]

cut: Wmin + 14 >= UB
bins: [5, 7, 14]

cut: Wmin + 14 >= UB
bins: [5, 15, 6]

Next weight: 3
bins: [7, 3, 0]

Next weight: 4
bins: [3, 3, 4]

Next weight: 10
bins: [10, 3, 0]

Next weight: 14
bins: [7, 6, 0]

Next weight: 5
bins: [7, 3, 3]

Next weight: 10
bins: [10, 13, 0]

Next weight: 10
bins: [10, 3, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 14 >= UB
bins: [7, 6, 14]

Next weight: 8
bins: [12, 3, 3]

Next weight: 12
bins: [7, 8, 3]

Next weight: 8
bins: [12, 11, 3]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 12 >= UB
bins: [7, 8, 15]

Next weight: 4
bins: [3, 3, 8]

Next weight: 4
bins: [7, 3, 4]

Next weight: 8
bins: [3, 3, 12]

Next weight: 12
bins: [7, 3, 8]

Next weight: 8
bins: [11, 3, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

Next weight: 8
bins: [11, 3, 4]

Next weight: 12
bins: [7, 3, 8]

Next weight: 12
bins: [7, 7, 4]

Next weight: 8
bins: [11, 3, 12]

Next weight: 8
bins: [11, 11, 4]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

Next weight: 5
bins: [7, 1, 2]

Next weight: 5
bins: [3, 1, 6]

Next weight: 2
bins: [3, 5, 2]

Next weight: 9
bins: [12, 1, 2]

Next weight: 14
bins: [7, 1, 7]

Next weight: 14
bins: [7, 6, 2]

Next weight: 10
bins: [12, 1, 11]

Next weight: 9
bins: [12, 10, 2]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 9 >= UB
bins: [12, 10, 11]

cut: Wmin + 13 >= UB
bins: [7, 15, 7]

cut: Wmin + 13 >= UB
bins: [7, 6, 16]

Next weight: 9
bins: [3, 1, 11]

Next weight: 14
bins: [8, 1, 6]

Next weight: 14
bins: [3, 6, 6]

Next weight: 10
bins: [12, 1, 11]

Next weight: 9
bins: [3, 10, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 9 >= UB
bins: [12, 10, 11]

cut: Wmin + 13 >= UB
bins: [8, 15, 6]

cut: Wmin + 13 >= UB
bins: [17, 6, 6]

Next weight: 4
bins: [3, 7, 2]

Next weight: 14
bins: [5, 5, 2]

Next weight: 2
bins: [3, 5, 4]

Next weight: 9
bins: [3, 11, 2]

Next weight: 14
bins: [7, 7, 2]

Next weight: 13
bins: [3, 7, 6]

Next weight: 9
bins: [12, 11, 2]

Next weight: 9
bins: [3, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

cut: Wmin + 13 >= UB
bins: [16, 7, 6]

cut: Wmin + 14 >= UB
bins: [5, 5, 16]

Next weight: 4
bins: [3, 7, 4]

Next weight: 14
bins: [3, 5, 6]

Next weight: 14
bins: [5, 5, 4]

Next weight: 8
bins: [3, 11, 4]

Next weight: 12
bins: [3, 7, 8]

Next weight: 12
bins: [7, 7, 4]

Next weight: 8
bins: [3, 11, 12]

Next weight: 8
bins: [11, 11, 4]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [15, 7, 8]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

cut: Wmin + 14 >= UB
bins: [17, 5, 6]

cut: Wmin + 14 >= UB
bins: [5, 5, 18]

Next weight: 3
bins: [7, 2, 0]

Next weight: 5
bins: [2, 2, 5]

Next weight: 11
bins: [10, 2, 0]

Next weight: 14
bins: [7, 5, 0]

Next weight: 4
bins: [7, 2, 3]

Next weight: 10
bins: [10, 13, 0]

Next weight: 10
bins: [10, 2, 11]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 9 >= UB
bins: [10, 12, 11]

cut: Wmin + 14 >= UB
bins: [7, 5, 14]

Next weight: 9
bins: [11, 2, 3]

Next weight: 14
bins: [7, 2, 7]

Next weight: 13
bins: [7, 6, 3]

Next weight: 9
bins: [11, 2, 12]

Next weight: 9
bins: [11, 11, 3]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 16, 7]

cut: Wmin + 13 >= UB
bins: [7, 6, 16]

Next weight: 10
bins: [2, 2, 10]

Next weight: 14
bins: [7, 2, 5]

Next weight: 9
bins: [12, 2, 10]

cut: Wmin + 9 >= UB
bins: [12, 11, 10]

cut: Wmin + 14 >= UB
bins: [7, 16, 5]

Next weight: 4
bins: [8, 1, 1]

Next weight: 4
bins: [2, 7, 1]

Next weight: 10
bins: [12, 1, 1]

Next weight: 14
bins: [8, 5, 1]

Next weight: 10
bins: [12, 11, 1]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 14 >= UB
bins: [8, 5, 15]

Next weight: 10
bins: [2, 11, 1]

Next weight: 14
bins: [6, 7, 1]

Next weight: 14
bins: [2, 7, 5]

Next weight: 10
bins: [12, 11, 1]

Next weight: 10
bins: [2, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 14 >= UB
bins: [6, 7, 15]

cut: Wmin + 14 >= UB
bins: [16, 7, 5]



Name: Root
Next weight: 2

Next weight: 1
bins: [2, 0, 0]

Next weight: 3
bins: [3, 0, 0]

Next weight: 1
bins: [2, 1, 0]

Next weight: 6
bins: [6, 0, 0]

Next weight: 4
bins: [3, 3, 0]

Next weight: 11
bins: [12, 0, 0]

Next weight: 14
bins: [6, 6, 0]

Next weight: 11
bins: [12, 11, 0]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 14 >= UB
bins: [6, 6, 14]

Next weight: 3
bins: [7, 3, 0]

Next weight: 2
bins: [3, 3, 4]

Next weight: 10
bins: [10, 3, 0]

Next weight: 14
bins: [7, 6, 0]

Next weight: 4
bins: [7, 3, 3]

Next weight: 10
bins: [10, 13, 0]

Next weight: 10
bins: [10, 3, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 14 >= UB
bins: [7, 6, 14]

Next weight: 9
bins: [11, 3, 3]

Next weight: 13
bins: [7, 7, 3]

Next weight: 8
bins: [11, 12, 3]

cut: Wmin + 8 >= UB
bins: [11, 12, 11]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

Next weight: 2
bins: [3, 3, 6]

Next weight: 2
bins: [5, 3, 4]

Next weight: 4
bins: [3, 3, 8]

Next weight: 14
bins: [5, 3, 6]

Next weight: 8
bins: [3, 3, 12]

Next weight: 12
bins: [7, 3, 8]

Next weight: 8
bins: [11, 3, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

cut: Wmin + 14 >= UB
bins: [5, 17, 6]

Next weight: 4
bins: [7, 3, 4]

Next weight: 14
bins: [5, 3, 6]

Next weight: 14
bins: [5, 5, 4]

Next weight: 8
bins: [11, 3, 4]

Next weight: 12
bins: [7, 3, 8]

Next weight: 12
bins: [7, 7, 4]

Next weight: 8
bins: [11, 3, 12]

Next weight: 8
bins: [11, 11, 4]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

cut: Wmin + 14 >= UB
bins: [5, 17, 6]

cut: Wmin + 14 >= UB
bins: [5, 5, 18]

Next weight: 2
bins: [3, 1, 0]

Next weight: 5
bins: [2, 2, 0]

Next weight: 6
bins: [2, 1, 1]

Next weight: 6
bins: [5, 1, 0]

Next weight: 4
bins: [3, 3, 0]

Next weight: 4
bins: [3, 1, 2]

Next weight: 11
bins: [11, 1, 0]

Next weight: 14
bins: [5, 7, 0]

Next weight: 14
bins: [5, 1, 6]

Next weight: 11
bins: [11, 12, 0]

Next weight: 11
bins: [11, 1, 11]

cut: Wmin + 8 >= UB
bins: [11, 12, 11]

cut: Wmin + 8 >= UB
bins: [11, 12, 11]

cut: Wmin + 14 >= UB
bins: [5, 7, 14]

cut: Wmin + 14 >= UB
bins: [5, 15, 6]

Next weight: 3
bins: [7, 3, 0]

Next weight: 4
bins: [3, 3, 4]

Next weight: 10
bins: [10, 3, 0]

Next weight: 14
bins: [7, 6, 0]

Next weight: 5
bins: [7, 3, 3]

Next weight: 10
bins: [10, 13, 0]

Next weight: 10
bins: [10, 3, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 14 >= UB
bins: [7, 6, 14]

Next weight: 8
bins: [12, 3, 3]

Next weight: 12
bins: [7, 8, 3]

Next weight: 8
bins: [12, 11, 3]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 12 >= UB
bins: [7, 8, 15]

Next weight: 4
bins: [3, 3, 8]

Next weight: 4
bins: [7, 3, 4]

Next weight: 8
bins: [3, 3, 12]

Next weight: 12
bins: [7, 3, 8]

Next weight: 8
bins: [11, 3, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

Next weight: 8
bins: [11, 3, 4]

Next weight: 12
bins: [7, 3, 8]

Next weight: 12
bins: [7, 7, 4]

Next weight: 8
bins: [11, 3, 12]

Next weight: 8
bins: [11, 11, 4]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

Next weight: 5
bins: [7, 1, 2]

Next weight: 5
bins: [3, 1, 6]

Next weight: 2
bins: [3, 5, 2]

Next weight: 9
bins: [12, 1, 2]

Next weight: 14
bins: [7, 1, 7]

Next weight: 14
bins: [7, 6, 2]

Next weight: 10
bins: [12, 1, 11]

Next weight: 9
bins: [12, 10, 2]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 9 >= UB
bins: [12, 10, 11]

cut: Wmin + 13 >= UB
bins: [7, 15, 7]

cut: Wmin + 13 >= UB
bins: [7, 6, 16]

Next weight: 9
bins: [3, 1, 11]

Next weight: 14
bins: [8, 1, 6]

Next weight: 14
bins: [3, 6, 6]

Next weight: 10
bins: [12, 1, 11]

Next weight: 9
bins: [3, 10, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 9 >= UB
bins: [12, 10, 11]

cut: Wmin + 13 >= UB
bins: [8, 15, 6]

cut: Wmin + 13 >= UB
bins: [17, 6, 6]

Next weight: 4
bins: [3, 7, 2]

Next weight: 14
bins: [5, 5, 2]

Next weight: 2
bins: [3, 5, 4]

Next weight: 9
bins: [3, 11, 2]

Next weight: 14
bins: [7, 7, 2]

Next weight: 13
bins: [3, 7, 6]

Next weight: 9
bins: [12, 11, 2]

Next weight: 9
bins: [3, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

cut: Wmin + 13 >= UB
bins: [16, 7, 6]

cut: Wmin + 14 >= UB
bins: [5, 5, 16]

Next weight: 4
bins: [3, 7, 4]

Next weight: 14
bins: [3, 5, 6]

Next weight: 14
bins: [5, 5, 4]

Next weight: 8
bins: [3, 11, 4]

Next weight: 12
bins: [3, 7, 8]

Next weight: 12
bins: [7, 7, 4]

Next weight: 8
bins: [3, 11, 12]

Next weight: 8
bins: [11, 11, 4]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [15, 7, 8]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

cut: Wmin + 14 >= UB
bins: [17, 5, 6]

cut: Wmin + 14 >= UB
bins: [5, 5, 18]

Next weight: 3
bins: [7, 2, 0]

Next weight: 5
bins: [2, 2, 5]

Next weight: 11
bins: [10, 2, 0]

Next weight: 14
bins: [7, 5, 0]

Next weight: 4
bins: [7, 2, 3]

Next weight: 10
bins: [10, 13, 0]

Next weight: 10
bins: [10, 2, 11]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 9 >= UB
bins: [10, 12, 11]

cut: Wmin + 14 >= UB
bins: [7, 5, 14]

Next weight: 9
bins: [11, 2, 3]

Next weight: 14
bins: [7, 2, 7]

Next weight: 13
bins: [7, 6, 3]

Next weight: 9
bins: [11, 2, 12]

Next weight: 9
bins: [11, 11, 3]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 16, 7]

cut: Wmin + 13 >= UB
bins: [7, 6, 16]

Next weight: 10
bins: [2, 2, 10]

Next weight: 14
bins: [7, 2, 5]

Next weight: 9
bins: [12, 2, 10]

cut: Wmin + 9 >= UB
bins: [12, 11, 10]

cut: Wmin + 14 >= UB
bins: [7, 16, 5]

Next weight: 4
bins: [8, 1, 1]

Next weight: 4
bins: [2, 7, 1]

Next weight: 10
bins: [12, 1, 1]

Next weight: 14
bins: [8, 5, 1]

Next weight: 10
bins: [12, 11, 1]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 14 >= UB
bins: [8, 5, 15]

Next weight: 10
bins: [2, 11, 1]

Next weight: 14
bins: [6, 7, 1]

Next weight: 14
bins: [2, 7, 5]

Next weight: 10
bins: [12, 11, 1]

Next weight: 10
bins: [2, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 14 >= UB
bins: [6, 7, 15]

cut: Wmin + 14 >= UB
bins: [16, 7, 5]



Name: Root
Next weight: 2

Next weight: 1
bins: [2, 0, 0]

Next weight: 3
bins: [3, 0, 0]

Next weight: 1
bins: [2, 1, 0]

Next weight: 6
bins: [6, 0, 0]

Next weight: 4
bins: [3, 3, 0]

Next weight: 11
bins: [12, 0, 0]

Next weight: 14
bins: [6, 6, 0]

Next weight: 11
bins: [12, 11, 0]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 14 >= UB
bins: [6, 6, 14]

Next weight: 3
bins: [7, 3, 0]

Next weight: 2
bins: [3, 3, 4]

Next weight: 10
bins: [10, 3, 0]

Next weight: 14
bins: [7, 6, 0]

Next weight: 4
bins: [7, 3, 3]

Next weight: 10
bins: [10, 13, 0]

Next weight: 10
bins: [10, 3, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 14 >= UB
bins: [7, 6, 14]

Next weight: 9
bins: [11, 3, 3]

Next weight: 13
bins: [7, 7, 3]

Next weight: 8
bins: [11, 12, 3]

cut: Wmin + 8 >= UB
bins: [11, 12, 11]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

Next weight: 2
bins: [3, 3, 6]

Next weight: 2
bins: [5, 3, 4]

Next weight: 4
bins: [3, 3, 8]

Next weight: 14
bins: [5, 3, 6]

Next weight: 8
bins: [3, 3, 12]

Next weight: 12
bins: [7, 3, 8]

Next weight: 8
bins: [11, 3, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

cut: Wmin + 14 >= UB
bins: [5, 17, 6]

Next weight: 4
bins: [7, 3, 4]

Next weight: 14
bins: [5, 3, 6]

Next weight: 14
bins: [5, 5, 4]

Next weight: 8
bins: [11, 3, 4]

Next weight: 12
bins: [7, 3, 8]

Next weight: 12
bins: [7, 7, 4]

Next weight: 8
bins: [11, 3, 12]

Next weight: 8
bins: [11, 11, 4]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

cut: Wmin + 14 >= UB
bins: [5, 17, 6]

cut: Wmin + 14 >= UB
bins: [5, 5, 18]

Next weight: 2
bins: [3, 1, 0]

Next weight: 5
bins: [2, 2, 0]

Next weight: 6
bins: [2, 1, 1]

Next weight: 6
bins: [5, 1, 0]

Next weight: 4
bins: [3, 3, 0]

Next weight: 4
bins: [3, 1, 2]

Next weight: 11
bins: [11, 1, 0]

Next weight: 14
bins: [5, 7, 0]

Next weight: 14
bins: [5, 1, 6]

Next weight: 11
bins: [11, 12, 0]

Next weight: 11
bins: [11, 1, 11]

cut: Wmin + 8 >= UB
bins: [11, 12, 11]

cut: Wmin + 8 >= UB
bins: [11, 12, 11]

cut: Wmin + 14 >= UB
bins: [5, 7, 14]

cut: Wmin + 14 >= UB
bins: [5, 15, 6]

Next weight: 3
bins: [7, 3, 0]

Next weight: 4
bins: [3, 3, 4]

Next weight: 10
bins: [10, 3, 0]

Next weight: 14
bins: [7, 6, 0]

Next weight: 5
bins: [7, 3, 3]

Next weight: 10
bins: [10, 13, 0]

Next weight: 10
bins: [10, 3, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 14 >= UB
bins: [7, 6, 14]

Next weight: 8
bins: [12, 3, 3]

Next weight: 12
bins: [7, 8, 3]

Next weight: 8
bins: [12, 11, 3]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 12 >= UB
bins: [7, 8, 15]

Next weight: 4
bins: [3, 3, 8]

Next weight: 4
bins: [7, 3, 4]

Next weight: 8
bins: [3, 3, 12]

Next weight: 12
bins: [7, 3, 8]

Next weight: 8
bins: [11, 3, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

Next weight: 8
bins: [11, 3, 4]

Next weight: 12
bins: [7, 3, 8]

Next weight: 12
bins: [7, 7, 4]

Next weight: 8
bins: [11, 3, 12]

Next weight: 8
bins: [11, 11, 4]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

Next weight: 5
bins: [7, 1, 2]

Next weight: 5
bins: [3, 1, 6]

Next weight: 2
bins: [3, 5, 2]

Next weight: 9
bins: [12, 1, 2]

Next weight: 14
bins: [7, 1, 7]

Next weight: 14
bins: [7, 6, 2]

Next weight: 10
bins: [12, 1, 11]

Next weight: 9
bins: [12, 10, 2]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 9 >= UB
bins: [12, 10, 11]

cut: Wmin + 13 >= UB
bins: [7, 15, 7]

cut: Wmin + 13 >= UB
bins: [7, 6, 16]

Next weight: 9
bins: [3, 1, 11]

Next weight: 14
bins: [8, 1, 6]

Next weight: 14
bins: [3, 6, 6]

Next weight: 10
bins: [12, 1, 11]

Next weight: 9
bins: [3, 10, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 9 >= UB
bins: [12, 10, 11]

cut: Wmin + 13 >= UB
bins: [8, 15, 6]

cut: Wmin + 13 >= UB
bins: [17, 6, 6]

Next weight: 4
bins: [3, 7, 2]

Next weight: 14
bins: [5, 5, 2]

Next weight: 2
bins: [3, 5, 4]

Next weight: 9
bins: [3, 11, 2]

Next weight: 14
bins: [7, 7, 2]

Next weight: 13
bins: [3, 7, 6]

Next weight: 9
bins: [12, 11, 2]

Next weight: 9
bins: [3, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

cut: Wmin + 13 >= UB
bins: [16, 7, 6]

cut: Wmin + 14 >= UB
bins: [5, 5, 16]

Next weight: 4
bins: [3, 7, 4]

Next weight: 14
bins: [3, 5, 6]

Next weight: 14
bins: [5, 5, 4]

Next weight: 8
bins: [3, 11, 4]

Next weight: 12
bins: [3, 7, 8]

Next weight: 12
bins: [7, 7, 4]

Next weight: 8
bins: [3, 11, 12]

Next weight: 8
bins: [11, 11, 4]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [15, 7, 8]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

cut: Wmin + 14 >= UB
bins: [17, 5, 6]

cut: Wmin + 14 >= UB
bins: [5, 5, 18]

Next weight: 3
bins: [7, 2, 0]

Next weight: 5
bins: [2, 2, 5]

Next weight: 11
bins: [10, 2, 0]

Next weight: 14
bins: [7, 5, 0]

Next weight: 4
bins: [7, 2, 3]

Next weight: 10
bins: [10, 13, 0]

Next weight: 10
bins: [10, 2, 11]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 9 >= UB
bins: [10, 12, 11]

cut: Wmin + 14 >= UB
bins: [7, 5, 14]

Next weight: 9
bins: [11, 2, 3]

Next weight: 14
bins: [7, 2, 7]

Next weight: 13
bins: [7, 6, 3]

Next weight: 9
bins: [11, 2, 12]

Next weight: 9
bins: [11, 11, 3]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 16, 7]

cut: Wmin + 13 >= UB
bins: [7, 6, 16]

Next weight: 10
bins: [2, 2, 10]

Next weight: 14
bins: [7, 2, 5]

Next weight: 9
bins: [12, 2, 10]

cut: Wmin + 9 >= UB
bins: [12, 11, 10]

cut: Wmin + 14 >= UB
bins: [7, 16, 5]

Next weight: 4
bins: [8, 1, 1]

Next weight: 4
bins: [2, 7, 1]

Next weight: 10
bins: [12, 1, 1]

Next weight: 14
bins: [8, 5, 1]

Next weight: 10
bins: [12, 11, 1]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 14 >= UB
bins: [8, 5, 15]

Next weight: 10
bins: [2, 11, 1]

Next weight: 14
bins: [6, 7, 1]

Next weight: 14
bins: [2, 7, 5]

Next weight: 10
bins: [12, 11, 1]

Next weight: 10
bins: [2, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 14 >= UB
bins: [6, 7, 15]

cut: Wmin + 14 >= UB
bins: [16, 7, 5]



Name: Root
Next weight: 2

Next weight: 1
bins: [2, 0, 0]

Next weight: 3
bins: [3, 0, 0]

Next weight: 1
bins: [2, 1, 0]

Next weight: 6
bins: [6, 0, 0]

Next weight: 4
bins: [3, 3, 0]

Next weight: 11
bins: [12, 0, 0]

Next weight: 14
bins: [6, 6, 0]

Next weight: 11
bins: [12, 11, 0]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 14 >= UB
bins: [6, 6, 14]

Next weight: 3
bins: [7, 3, 0]

Next weight: 2
bins: [3, 3, 4]

Next weight: 10
bins: [10, 3, 0]

Next weight: 14
bins: [7, 6, 0]

Next weight: 4
bins: [7, 3, 3]

Next weight: 10
bins: [10, 13, 0]

Next weight: 10
bins: [10, 3, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 14 >= UB
bins: [7, 6, 14]

Next weight: 9
bins: [11, 3, 3]

Next weight: 13
bins: [7, 7, 3]

Next weight: 8
bins: [11, 12, 3]

cut: Wmin + 8 >= UB
bins: [11, 12, 11]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

Next weight: 2
bins: [3, 3, 6]

Next weight: 2
bins: [5, 3, 4]

Next weight: 4
bins: [3, 3, 8]

Next weight: 14
bins: [5, 3, 6]

Next weight: 8
bins: [3, 3, 12]

Next weight: 12
bins: [7, 3, 8]

Next weight: 8
bins: [11, 3, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

cut: Wmin + 14 >= UB
bins: [5, 17, 6]

Next weight: 4
bins: [7, 3, 4]

Next weight: 14
bins: [5, 3, 6]

Next weight: 14
bins: [5, 5, 4]

Next weight: 8
bins: [11, 3, 4]

Next weight: 12
bins: [7, 3, 8]

Next weight: 12
bins: [7, 7, 4]

Next weight: 8
bins: [11, 3, 12]

Next weight: 8
bins: [11, 11, 4]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

cut: Wmin + 14 >= UB
bins: [5, 17, 6]

cut: Wmin + 14 >= UB
bins: [5, 5, 18]

Next weight: 2
bins: [3, 1, 0]

Next weight: 5
bins: [2, 2, 0]

Next weight: 6
bins: [2, 1, 1]

Next weight: 6
bins: [5, 1, 0]

Next weight: 4
bins: [3, 3, 0]

Next weight: 4
bins: [3, 1, 2]

Next weight: 11
bins: [11, 1, 0]

Next weight: 14
bins: [5, 7, 0]

Next weight: 14
bins: [5, 1, 6]

Next weight: 11
bins: [11, 12, 0]

Next weight: 11
bins: [11, 1, 11]

cut: Wmin + 8 >= UB
bins: [11, 12, 11]

cut: Wmin + 8 >= UB
bins: [11, 12, 11]

cut: Wmin + 14 >= UB
bins: [5, 7, 14]

cut: Wmin + 14 >= UB
bins: [5, 15, 6]

Next weight: 3
bins: [7, 3, 0]

Next weight: 4
bins: [3, 3, 4]

Next weight: 10
bins: [10, 3, 0]

Next weight: 14
bins: [7, 6, 0]

Next weight: 5
bins: [7, 3, 3]

Next weight: 10
bins: [10, 13, 0]

Next weight: 10
bins: [10, 3, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 14 >= UB
bins: [7, 6, 14]

Next weight: 8
bins: [12, 3, 3]

Next weight: 12
bins: [7, 8, 3]

Next weight: 8
bins: [12, 11, 3]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 12 >= UB
bins: [7, 8, 15]

Next weight: 4
bins: [3, 3, 8]

Next weight: 4
bins: [7, 3, 4]

Next weight: 8
bins: [3, 3, 12]

Next weight: 12
bins: [7, 3, 8]

Next weight: 8
bins: [11, 3, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

Next weight: 8
bins: [11, 3, 4]

Next weight: 12
bins: [7, 3, 8]

Next weight: 12
bins: [7, 7, 4]

Next weight: 8
bins: [11, 3, 12]

Next weight: 8
bins: [11, 11, 4]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

Next weight: 5
bins: [7, 1, 2]

Next weight: 5
bins: [3, 1, 6]

Next weight: 2
bins: [3, 5, 2]

Next weight: 9
bins: [12, 1, 2]

Next weight: 14
bins: [7, 1, 7]

Next weight: 14
bins: [7, 6, 2]

Next weight: 10
bins: [12, 1, 11]

Next weight: 9
bins: [12, 10, 2]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 9 >= UB
bins: [12, 10, 11]

cut: Wmin + 13 >= UB
bins: [7, 15, 7]

cut: Wmin + 13 >= UB
bins: [7, 6, 16]

Next weight: 9
bins: [3, 1, 11]

Next weight: 14
bins: [8, 1, 6]

Next weight: 14
bins: [3, 6, 6]

Next weight: 10
bins: [12, 1, 11]

Next weight: 9
bins: [3, 10, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 9 >= UB
bins: [12, 10, 11]

cut: Wmin + 13 >= UB
bins: [8, 15, 6]

cut: Wmin + 13 >= UB
bins: [17, 6, 6]

Next weight: 4
bins: [3, 7, 2]

Next weight: 14
bins: [5, 5, 2]

Next weight: 2
bins: [3, 5, 4]

Next weight: 9
bins: [3, 11, 2]

Next weight: 14
bins: [7, 7, 2]

Next weight: 13
bins: [3, 7, 6]

Next weight: 9
bins: [12, 11, 2]

Next weight: 9
bins: [3, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

cut: Wmin + 13 >= UB
bins: [16, 7, 6]

cut: Wmin + 14 >= UB
bins: [5, 5, 16]

Next weight: 4
bins: [3, 7, 4]

Next weight: 14
bins: [3, 5, 6]

Next weight: 14
bins: [5, 5, 4]

Next weight: 8
bins: [3, 11, 4]

Next weight: 12
bins: [3, 7, 8]

Next weight: 12
bins: [7, 7, 4]

Next weight: 8
bins: [3, 11, 12]

Next weight: 8
bins: [11, 11, 4]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [15, 7, 8]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

cut: Wmin + 14 >= UB
bins: [17, 5, 6]

cut: Wmin + 14 >= UB
bins: [5, 5, 18]

Next weight: 3
bins: [7, 2, 0]

Next weight: 5
bins: [2, 2, 5]

Next weight: 11
bins: [10, 2, 0]

Next weight: 14
bins: [7, 5, 0]

Next weight: 4
bins: [7, 2, 3]

Next weight: 10
bins: [10, 13, 0]

Next weight: 10
bins: [10, 2, 11]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 9 >= UB
bins: [10, 12, 11]

cut: Wmin + 14 >= UB
bins: [7, 5, 14]

Next weight: 9
bins: [11, 2, 3]

Next weight: 14
bins: [7, 2, 7]

Next weight: 13
bins: [7, 6, 3]

Next weight: 9
bins: [11, 2, 12]

Next weight: 9
bins: [11, 11, 3]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 16, 7]

cut: Wmin + 13 >= UB
bins: [7, 6, 16]

Next weight: 10
bins: [2, 2, 10]

Next weight: 14
bins: [7, 2, 5]

Next weight: 9
bins: [12, 2, 10]

cut: Wmin + 9 >= UB
bins: [12, 11, 10]

cut: Wmin + 14 >= UB
bins: [7, 16, 5]

Next weight: 4
bins: [8, 1, 1]

Next weight: 4
bins: [2, 7, 1]

Next weight: 10
bins: [12, 1, 1]

Next weight: 14
bins: [8, 5, 1]

Next weight: 10
bins: [12, 11, 1]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 14 >= UB
bins: [8, 5, 15]

Next weight: 10
bins: [2, 11, 1]

Next weight: 14
bins: [6, 7, 1]

Next weight: 14
bins: [2, 7, 5]

Next weight: 10
bins: [12, 11, 1]

Next weight: 10
bins: [2, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 14 >= UB
bins: [6, 7, 15]

cut: Wmin + 14 >= UB
bins: [16, 7, 5]



Name: Root
Next weight: 2

Next weight: 1
bins: [2, 0, 0]

Next weight: 3
bins: [3, 0, 0]

Next weight: 1
bins: [2, 1, 0]

Next weight: 6
bins: [6, 0, 0]

Next weight: 4
bins: [3, 3, 0]

Next weight: 11
bins: [12, 0, 0]

Next weight: 14
bins: [6, 6, 0]

Next weight: 11
bins: [12, 11, 0]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 14 >= UB
bins: [6, 6, 14]

Next weight: 3
bins: [7, 3, 0]

Next weight: 2
bins: [3, 3, 4]

Next weight: 10
bins: [10, 3, 0]

Next weight: 14
bins: [7, 6, 0]

Next weight: 4
bins: [7, 3, 3]

Next weight: 10
bins: [10, 13, 0]

Next weight: 10
bins: [10, 3, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 14 >= UB
bins: [7, 6, 14]

Next weight: 9
bins: [11, 3, 3]

Next weight: 13
bins: [7, 7, 3]

Next weight: 8
bins: [11, 12, 3]

cut: Wmin + 8 >= UB
bins: [11, 12, 11]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

Next weight: 2
bins: [3, 3, 6]

Next weight: 2
bins: [5, 3, 4]

Next weight: 4
bins: [3, 3, 8]

Next weight: 14
bins: [5, 3, 6]

Next weight: 8
bins: [3, 3, 12]

Next weight: 12
bins: [7, 3, 8]

Next weight: 8
bins: [11, 3, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

cut: Wmin + 14 >= UB
bins: [5, 17, 6]

Next weight: 4
bins: [7, 3, 4]

Next weight: 14
bins: [5, 3, 6]

Next weight: 14
bins: [5, 5, 4]

Next weight: 8
bins: [11, 3, 4]

Next weight: 12
bins: [7, 3, 8]

Next weight: 12
bins: [7, 7, 4]

Next weight: 8
bins: [11, 3, 12]

Next weight: 8
bins: [11, 11, 4]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

cut: Wmin + 14 >= UB
bins: [5, 17, 6]

cut: Wmin + 14 >= UB
bins: [5, 5, 18]

Next weight: 2
bins: [3, 1, 0]

Next weight: 5
bins: [2, 2, 0]

Next weight: 6
bins: [2, 1, 1]

Next weight: 6
bins: [5, 1, 0]

Next weight: 4
bins: [3, 3, 0]

Next weight: 4
bins: [3, 1, 2]

Next weight: 11
bins: [11, 1, 0]

Next weight: 14
bins: [5, 7, 0]

Next weight: 14
bins: [5, 1, 6]

Next weight: 11
bins: [11, 12, 0]

Next weight: 11
bins: [11, 1, 11]

cut: Wmin + 8 >= UB
bins: [11, 12, 11]

cut: Wmin + 8 >= UB
bins: [11, 12, 11]

cut: Wmin + 14 >= UB
bins: [5, 7, 14]

cut: Wmin + 14 >= UB
bins: [5, 15, 6]

Next weight: 3
bins: [7, 3, 0]

Next weight: 4
bins: [3, 3, 4]

Next weight: 10
bins: [10, 3, 0]

Next weight: 14
bins: [7, 6, 0]

Next weight: 5
bins: [7, 3, 3]

Next weight: 10
bins: [10, 13, 0]

Next weight: 10
bins: [10, 3, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 14 >= UB
bins: [7, 6, 14]

Next weight: 8
bins: [12, 3, 3]

Next weight: 12
bins: [7, 8, 3]

Next weight: 8
bins: [12, 11, 3]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 12 >= UB
bins: [7, 8, 15]

Next weight: 4
bins: [3, 3, 8]

Next weight: 4
bins: [7, 3, 4]

Next weight: 8
bins: [3, 3, 12]

Next weight: 12
bins: [7, 3, 8]

Next weight: 8
bins: [11, 3, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

Next weight: 8
bins: [11, 3, 4]

Next weight: 12
bins: [7, 3, 8]

Next weight: 12
bins: [7, 7, 4]

Next weight: 8
bins: [11, 3, 12]

Next weight: 8
bins: [11, 11, 4]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

Next weight: 5
bins: [7, 1, 2]

Next weight: 5
bins: [3, 1, 6]

Next weight: 2
bins: [3, 5, 2]

Next weight: 9
bins: [12, 1, 2]

Next weight: 14
bins: [7, 1, 7]

Next weight: 14
bins: [7, 6, 2]

Next weight: 10
bins: [12, 1, 11]

Next weight: 9
bins: [12, 10, 2]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 9 >= UB
bins: [12, 10, 11]

cut: Wmin + 13 >= UB
bins: [7, 15, 7]

cut: Wmin + 13 >= UB
bins: [7, 6, 16]

Next weight: 9
bins: [3, 1, 11]

Next weight: 14
bins: [8, 1, 6]

Next weight: 14
bins: [3, 6, 6]

Next weight: 10
bins: [12, 1, 11]

Next weight: 9
bins: [3, 10, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 9 >= UB
bins: [12, 10, 11]

cut: Wmin + 13 >= UB
bins: [8, 15, 6]

cut: Wmin + 13 >= UB
bins: [17, 6, 6]

Next weight: 4
bins: [3, 7, 2]

Next weight: 14
bins: [5, 5, 2]

Next weight: 2
bins: [3, 5, 4]

Next weight: 9
bins: [3, 11, 2]

Next weight: 14
bins: [7, 7, 2]

Next weight: 13
bins: [3, 7, 6]

Next weight: 9
bins: [12, 11, 2]

Next weight: 9
bins: [3, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

cut: Wmin + 13 >= UB
bins: [16, 7, 6]

cut: Wmin + 14 >= UB
bins: [5, 5, 16]

Next weight: 4
bins: [3, 7, 4]

Next weight: 14
bins: [3, 5, 6]

Next weight: 14
bins: [5, 5, 4]

Next weight: 8
bins: [3, 11, 4]

Next weight: 12
bins: [3, 7, 8]

Next weight: 12
bins: [7, 7, 4]

Next weight: 8
bins: [3, 11, 12]

Next weight: 8
bins: [11, 11, 4]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [15, 7, 8]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

cut: Wmin + 14 >= UB
bins: [17, 5, 6]

cut: Wmin + 14 >= UB
bins: [5, 5, 18]

Next weight: 3
bins: [7, 2, 0]

Next weight: 5
bins: [2, 2, 5]

Next weight: 11
bins: [10, 2, 0]

Next weight: 14
bins: [7, 5, 0]

Next weight: 4
bins: [7, 2, 3]

Next weight: 10
bins: [10, 13, 0]

Next weight: 10
bins: [10, 2, 11]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 9 >= UB
bins: [10, 12, 11]

cut: Wmin + 14 >= UB
bins: [7, 5, 14]

Next weight: 9
bins: [11, 2, 3]

Next weight: 14
bins: [7, 2, 7]

Next weight: 13
bins: [7, 6, 3]

Next weight: 9
bins: [11, 2, 12]

Next weight: 9
bins: [11, 11, 3]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 16, 7]

cut: Wmin + 13 >= UB
bins: [7, 6, 16]

Next weight: 10
bins: [2, 2, 10]

Next weight: 14
bins: [7, 2, 5]

Next weight: 9
bins: [12, 2, 10]

cut: Wmin + 9 >= UB
bins: [12, 11, 10]

cut: Wmin + 14 >= UB
bins: [7, 16, 5]

Next weight: 4
bins: [8, 1, 1]

Next weight: 4
bins: [2, 7, 1]

Next weight: 10
bins: [12, 1, 1]

Next weight: 14
bins: [8, 5, 1]

Next weight: 10
bins: [12, 11, 1]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 14 >= UB
bins: [8, 5, 15]

Next weight: 10
bins: [2, 11, 1]

Next weight: 14
bins: [6, 7, 1]

Next weight: 14
bins: [2, 7, 5]

Next weight: 10
bins: [12, 11, 1]

Next weight: 10
bins: [2, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 14 >= UB
bins: [6, 7, 15]

cut: Wmin + 14 >= UB
bins: [16, 7, 5]



Name: Root
Next weight: 2

Next weight: 1
bins: [2, 0, 0]

Next weight: 3
bins: [3, 0, 0]

Next weight: 1
bins: [2, 1, 0]

Next weight: 6
bins: [6, 0, 0]

Next weight: 4
bins: [3, 3, 0]

Next weight: 11
bins: [12, 0, 0]

Next weight: 14
bins: [6, 6, 0]

Next weight: 11
bins: [12, 11, 0]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 14 >= UB
bins: [6, 6, 14]

Next weight: 3
bins: [7, 3, 0]

Next weight: 2
bins: [3, 3, 4]

Next weight: 10
bins: [10, 3, 0]

Next weight: 14
bins: [7, 6, 0]

Next weight: 4
bins: [7, 3, 3]

Next weight: 10
bins: [10, 13, 0]

Next weight: 10
bins: [10, 3, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 14 >= UB
bins: [7, 6, 14]

Next weight: 9
bins: [11, 3, 3]

Next weight: 13
bins: [7, 7, 3]

Next weight: 8
bins: [11, 12, 3]

cut: Wmin + 8 >= UB
bins: [11, 12, 11]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

Next weight: 2
bins: [3, 3, 6]

Next weight: 2
bins: [5, 3, 4]

Next weight: 4
bins: [3, 3, 8]

Next weight: 14
bins: [5, 3, 6]

Next weight: 8
bins: [3, 3, 12]

Next weight: 12
bins: [7, 3, 8]

Next weight: 8
bins: [11, 3, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

cut: Wmin + 14 >= UB
bins: [5, 17, 6]

Next weight: 4
bins: [7, 3, 4]

Next weight: 14
bins: [5, 3, 6]

Next weight: 14
bins: [5, 5, 4]

Next weight: 8
bins: [11, 3, 4]

Next weight: 12
bins: [7, 3, 8]

Next weight: 12
bins: [7, 7, 4]

Next weight: 8
bins: [11, 3, 12]

Next weight: 8
bins: [11, 11, 4]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

cut: Wmin + 14 >= UB
bins: [5, 17, 6]

cut: Wmin + 14 >= UB
bins: [5, 5, 18]

Next weight: 2
bins: [3, 1, 0]

Next weight: 5
bins: [2, 2, 0]

Next weight: 6
bins: [2, 1, 1]

Next weight: 6
bins: [5, 1, 0]

Next weight: 4
bins: [3, 3, 0]

Next weight: 4
bins: [3, 1, 2]

Next weight: 11
bins: [11, 1, 0]

Next weight: 14
bins: [5, 7, 0]

Next weight: 14
bins: [5, 1, 6]

Next weight: 11
bins: [11, 12, 0]

Next weight: 11
bins: [11, 1, 11]

cut: Wmin + 8 >= UB
bins: [11, 12, 11]

cut: Wmin + 8 >= UB
bins: [11, 12, 11]

cut: Wmin + 14 >= UB
bins: [5, 7, 14]

cut: Wmin + 14 >= UB
bins: [5, 15, 6]

Next weight: 3
bins: [7, 3, 0]

Next weight: 4
bins: [3, 3, 4]

Next weight: 10
bins: [10, 3, 0]

Next weight: 14
bins: [7, 6, 0]

Next weight: 5
bins: [7, 3, 3]

Next weight: 10
bins: [10, 13, 0]

Next weight: 10
bins: [10, 3, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 14 >= UB
bins: [7, 6, 14]

Next weight: 8
bins: [12, 3, 3]

Next weight: 12
bins: [7, 8, 3]

Next weight: 8
bins: [12, 11, 3]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 12 >= UB
bins: [7, 8, 15]

Next weight: 4
bins: [3, 3, 8]

Next weight: 4
bins: [7, 3, 4]

Next weight: 8
bins: [3, 3, 12]

Next weight: 12
bins: [7, 3, 8]

Next weight: 8
bins: [11, 3, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

Next weight: 8
bins: [11, 3, 4]

Next weight: 12
bins: [7, 3, 8]

Next weight: 12
bins: [7, 7, 4]

Next weight: 8
bins: [11, 3, 12]

Next weight: 8
bins: [11, 11, 4]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 15, 8]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

Next weight: 5
bins: [7, 1, 2]

Next weight: 5
bins: [3, 1, 6]

Next weight: 2
bins: [3, 5, 2]

Next weight: 9
bins: [12, 1, 2]

Next weight: 14
bins: [7, 1, 7]

Next weight: 14
bins: [7, 6, 2]

Next weight: 10
bins: [12, 1, 11]

Next weight: 9
bins: [12, 10, 2]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 9 >= UB
bins: [12, 10, 11]

cut: Wmin + 13 >= UB
bins: [7, 15, 7]

cut: Wmin + 13 >= UB
bins: [7, 6, 16]

Next weight: 9
bins: [3, 1, 11]

Next weight: 14
bins: [8, 1, 6]

Next weight: 14
bins: [3, 6, 6]

Next weight: 10
bins: [12, 1, 11]

Next weight: 9
bins: [3, 10, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 9 >= UB
bins: [12, 10, 11]

cut: Wmin + 13 >= UB
bins: [8, 15, 6]

cut: Wmin + 13 >= UB
bins: [17, 6, 6]

Next weight: 4
bins: [3, 7, 2]

Next weight: 14
bins: [5, 5, 2]

Next weight: 2
bins: [3, 5, 4]

Next weight: 9
bins: [3, 11, 2]

Next weight: 14
bins: [7, 7, 2]

Next weight: 13
bins: [3, 7, 6]

Next weight: 9
bins: [12, 11, 2]

Next weight: 9
bins: [3, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

cut: Wmin + 13 >= UB
bins: [16, 7, 6]

cut: Wmin + 14 >= UB
bins: [5, 5, 16]

Next weight: 4
bins: [3, 7, 4]

Next weight: 14
bins: [3, 5, 6]

Next weight: 14
bins: [5, 5, 4]

Next weight: 8
bins: [3, 11, 4]

Next weight: 12
bins: [3, 7, 8]

Next weight: 12
bins: [7, 7, 4]

Next weight: 8
bins: [3, 11, 12]

Next weight: 8
bins: [11, 11, 4]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [15, 7, 8]

cut: Wmin + 12 >= UB
bins: [7, 7, 16]

cut: Wmin + 14 >= UB
bins: [17, 5, 6]

cut: Wmin + 14 >= UB
bins: [5, 5, 18]

Next weight: 3
bins: [7, 2, 0]

Next weight: 5
bins: [2, 2, 5]

Next weight: 11
bins: [10, 2, 0]

Next weight: 14
bins: [7, 5, 0]

Next weight: 4
bins: [7, 2, 3]

Next weight: 10
bins: [10, 13, 0]

Next weight: 10
bins: [10, 2, 11]

cut: Wmin + 9 >= UB
bins: [10, 13, 10]

cut: Wmin + 9 >= UB
bins: [10, 12, 11]

cut: Wmin + 14 >= UB
bins: [7, 5, 14]

Next weight: 9
bins: [11, 2, 3]

Next weight: 14
bins: [7, 2, 7]

Next weight: 13
bins: [7, 6, 3]

Next weight: 9
bins: [11, 2, 12]

Next weight: 9
bins: [11, 11, 3]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 8 >= UB
bins: [11, 11, 12]

cut: Wmin + 12 >= UB
bins: [7, 16, 7]

cut: Wmin + 13 >= UB
bins: [7, 6, 16]

Next weight: 10
bins: [2, 2, 10]

Next weight: 14
bins: [7, 2, 5]

Next weight: 9
bins: [12, 2, 10]

cut: Wmin + 9 >= UB
bins: [12, 11, 10]

cut: Wmin + 14 >= UB
bins: [7, 16, 5]

Next weight: 4
bins: [8, 1, 1]

Next weight: 4
bins: [2, 7, 1]

Next weight: 10
bins: [12, 1, 1]

Next weight: 14
bins: [8, 5, 1]

Next weight: 10
bins: [12, 11, 1]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 14 >= UB
bins: [8, 5, 15]

Next weight: 10
bins: [2, 11, 1]

Next weight: 14
bins: [6, 7, 1]

Next weight: 14
bins: [2, 7, 5]

Next weight: 10
bins: [12, 11, 1]

Next weight: 10
bins: [2, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 8 >= UB
bins: [12, 11, 11]

cut: Wmin + 14 >= UB
bins: [6, 7, 15]

cut: Wmin + 14 >= UB
bins: [16, 7, 5]
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